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ABSTRACT 


Although the overall shipyard workload has 
decreased, material inventories at naval shipyards have 
Mewes! eati icantly in recent years. iivenmcories at 
the eight naval shipyards increased 63 percent 
(adjusted for inflation) between 1979 and 1983, and 24 
percent between 1984 and 1987. Little action has been 
taken to reverse this trend even though the problem has 
meen the SUDJect Of numerous studies since 1978. 

This thesis examines existing inventory management 
policies at naval shipyards. An evaluation of the 
marciemcy OL Existing pol®cies for ovtaining and 
excessing materials was emphasized, and recommendations 
for improvement were provided. Results indicate that 
changes can be implemented that would decrease the 
quantity of material ordered and excessed without 
creating overhaul and repair delays. Such action would 


reduce the overall investment in shipyard inventories. 
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de INTRODUCTION 


For many years, the major objective of naval 
impel ds eenaseebecen to completes ship overhauls» and 
repairs on-time or early, with the dollar costs of such 
repair work being a secondary consideration. Most 
inventory management issues are reduced to ensuring 
that sufficient material is on-hand for production 
Sp por . Zero stockouts are assumed. The costs 
attributed to overhaul are considered to exceed all 
other costs, BiCcluGIno abhe seocw Of imvestangein and 
moldingwbnventory. 

An extension Ods this maintenance philosophy 
required that shipyards obtain 100 percent of the 
material required to support repair or overhaul work on 
Speciale vessels prior to aship’s arrival [Ref. 1: 
pew. (451.1). Material requirements are based on 
expected or planned overhaul work, and under existing 
Naval Sea System Command (NAVSEA) disposal policies, 
Dee Navemi ak wnustmebe retained am inventory, identified 
[nino pecliiac CuSpemer job order, until that job order 
is formally completed [Ref. 2: p. 6-77-22]. As a 
result, material is often ordered and held in inventory 


to support future work when identical material exists 


in invVemsber y . 


Shipyards additionally lack a definitive policy 
which contributes to the adjustment of inventory lev a 
and mix based on workload changes. As ship types and 
type of repair change over time, existing inventory 
stocks are not readily purged of obsolete material 
items. This "lost" inventory investment further 
increases holding costs and prevents the diversion of 
this material to alternative uses in other shipyards, 
or for operational supper. 

Numerous players are involved in the material 
management process at naval shipyards: the planning 
department identifies the material needs; the suppey 
department obtains, holds, and issues the material; and 
the production department is the ultimate user. For 
the most part, this organization fails to integrate the 
inventory management effort to coordinate the process, 
Which would potentially result in the release of 
material to other uses ina timely manner. 

These issues have contributed to a significant 
increase in inventory levels at naval shipyards in 
recent years: Considering the existing fiscal 
limitations being experienced throughout the Department 
of Defense (DOD) and government, policies and actions 
are necessary which will reduce the future financial 


and managerial investment in inventory at naval 


Shipyards. 


Pe 


NAVAL SHIPYARD MISSION 


The Naval Sea Systems Command has’ the overall 


Eoeoponstoility for whe maintenance of Navy ships. As 


Saaic Ne, 


it has assigned the following tasks and functions 


mothe CGight existing naval shipyards: 


Oe. 


Wwe oo  lOwks= bloc  SUppOort to activities and 
iimowor une Operating Forces of the U. S. Navy 
and naval shore (field) activities, as assigned 
byacompCchent aAusabiori TY . 


Performing authorized shipwork in connection with 
Po meotisuricLtie@n, conversion, overhaul, repair, 
a beim GiOns acheive t Lon:, Hbigyslomeal weclir sL(epat and 
outfitting of naval ships and service craft. 


Performing authorized repairables work sles 
SGumcotuonm Wit repair, restoration, refit, 
refurbishment and overhaul of systems, 


equipments, components and modules as scheduled. 
Designing naval ships, when so designated. 


Operating as planning yard for ship alterations 
and preparing allowance lists for ships under 
SenstECmetioOn and cOnversion in aecordance with 
instructions issued by the Naval Sea Systems 
Command. 


Performing research, development, test . sand 
evaluation work, as assigned. 


serving as stock point for designated material, 
as assigned. 


PmOoviding, accounting, Gikvil payroll, Savings 
bond, pablic works, industrial SWZ 5 easy 
medical, dental, berthineg, messing, fire 
Peewention and fire protection, security and 


other services to naval shore (field) activities 
and other government agencies, as assigned. 


Performing manufacturing, as assigned. 


Accomplishing shore-electronics work; as 
requested by the Naval Electronic Systems 
Command. 


11. Preparing and maintatnine develope ny, eee Tae 
support, disaster control and other) tas. 


assigned. 
12. Performing work i eis other U.Ss. Government 
Departments, private parties and foreign 


governments, as directed by competent autnorim ss 
(Ret. Se" pee 


All tasks and functions descecribeaq eabe-ve are not 
necessarily applicable to each naval shipyard. The 
ioc eecme dine appl rCabigliecy depends on the assigned 


maintenance capabilities of the individual shipyard. 
For example, all naval shipyards have the capability to 
perform maintenance work on conventionally powered 
Ships, and specific shipyards have been additionally 
assigned unique maintenance capabilities, such as the 
repair of nuclear-powered surface ships (see Table 1). 
Ship overhaul and repair work are also conductea@=ag 


numerous private shipyards both within and outside the 


continental United States. This work is monitored Dy 
assigned Supervisors of Shipbuilding that CMe 
contract compliance and quality of work. Although the 


missions of private shipyards are often similar to the 
missions of naval shipyards, their specific activities 


are beyond the scope Cciythis study 


ioe NAVY INDUSTRIAL FUND 
The Navy Industrial Fund (NIF) finances indus tia 
and commercial activities that produce or furnish goods 


or render services to other activities ona 


Tai | 


MAINTENANCE CAPABILITIES OF NAVAL SHIPYARDS 


NviSteve camer Surface Nuclear 
shipyard carriers nuclear ships Submarines 
Bast Coast: 

Charleston X 
Nor fo ike x xX X 
Philadelphia@ X 
Portsmouth x 
West Coast: 
Long Beach? X 
Mare Island me 
Pearl Harbor xX 
X 


Puget Sound X X 


4No nuclear maintenance capability. 
DAlso makes Seiicmeency repairs to all Ships in the 


Lacie and overhauls “abl ‘ships Memeported in 
Hawali. 


——Oirces United States General Accounting Office Report, 
ReGuc ulOnemanm therCivilian Work Force at Naval 
Shipyards, November 1986. 

reimbursable basis [Ref.4: p. H-1]. As such, the NIF 

provides the working capital necessary to finance 

shipyard operations, sLia\eMuy ye tulad eg shipyard material 
inventories. At present, Waval shipyards bid for 
certain types or overhaul and repair work in 

Sempctieuon with commercPal’ activities, using the NIF 

to finance all costs required to support work awarded. 


All work performed is documented on individual job 


orders Which also include allowances for overhead 
COSUtSe The shipyard is reimbursed by the customers’ 
expendable maintenance funds based on periodic (at 
least monthly) billings as jobs are completed and work 
is verified as acceptable by customers. Figure 1 
demonstrates how job order costs are determined and 
billed to customers. DOD Directive 741@.4 specifies 


that customers of an industrial fund activity may be: 


1. Operating force commands, Or mission units 
thereof, operation agencies, commodity conmanmge. 
inventory control  poinus, weapon. SYS temuatror, 


project managers or any Department of Defense 
components having missions and responsibilities 
separate from management and operation of the 
industrial funG@waetivivy ; 

2. Military *pernsonmeds, Dik aoe individuals and 
concerns and Cremer government agencies as 
authorized. [Ref. 4] 

Material costs are typically reimbursed at actual cost 
regardless ofthe billing methe@ used: 
Industrial fund accounting is designed to serve as 

a Management tool which provides for the Sijaleu 
accounting of Costs incupred in space cpart. Standard 
cost accounting practices are used, including variance 
analysis, in an effort to improve the efficiency and 
effectiveness of the indWstrial fund scummy. 
Industrial Funds are designed to: 

i Provide a more effective means for controlling 


the costs of goods and services required to be 
produced or furnished Dy eendGems a aang 


DIRECT COSTS 


charceda “directly 
Tomo Order 


—- labor 
—- material 





OD 1Or cer 
COs 
records 


INDIRECT COSTS 


- labor 
—- material 
- other 
distributed based 
on annually 
predetermined 
caves 


GENERAL AND 
ADMINISTRATIVE 
coors 



















CUS Tamer 
billings 
based on job 
order cost 
Oe St Sree alvercl 
hare S 


-—- salaries 
- supplies 
—- other 





mere 1. sJod Order Costs Under Navy Industrial Fund 


commercial type activities and a more effective 
Piolo oc means fOr .financing, budgeting and 
accoumeame forstive cests thereofs 


pe ores and recozsnize contractual relationships 
DewecDeineGia trial and commercial type activities 
foe bigse ACEIVIGIeS which budget for and order 
Mi@G@manG. Droauebt Or Services, in order te provide 
management advantages and mile iin oS fOr 
efficiency and economy; 


oe Provide to managers of industrial and commercial 
activities the financial authority and 
flexibility required to procure and use manpower, 
Meer lals Yama "“©ther resources effectively; 


4. Encourage more cross-servicing among the military 
departments and among their operating agencies, 
with the aim of obtaining more economical use of 
facwmri ties; 


5. Support the performance budgetimeeicon pone 
facilitating budgeting sand reper tines oe 
costs of end products,  ~and thus’ underliniia Ts 
cost consequences of décisicon making, miei. 
choices between alternatives in such items. [Ref. 
5: pa eee 


As the efficiency of the industrial fund activi 


improves, the cost per unit of the services providedama 


the activity decrease. This results in lower costs for 
the customer, which in turn reduces fleet operat 
COSisSE Inefficiencies in industrial fund operatiocmeiiag 


the early 198@s was evidenced by increased reliance on 
civilian contractors for less expensive ship Yrepae 
work. This situation has changed in the past few 
years, however, with Navy activities being awarded 
increasing amounts of work. In this instance, asim 
many others throughout (2overmmen the addition@@m 
COMpe Ua Lilomeeec OG ship repair contracts has forged 
shipyards to monitor costs “more clecel se and take 


positive action to reduce costs as much as possible. 


C. RESEARCH OBJECTIVES 

This thesis will attempt to identify the causes of 
inventory growth at naval shipyards, as well as 
identify potential material procurement and inventory 
management alternatives which will reduce the future 
investment in shipyard inventories. Recommendations 
for change will be consistent with the overall 


maintenance objectives of naval shipyards, considerimg 


8 


thee = tO CcOlMplete overhaul and repair work within 


the scheduled time at minimum cost. 


Pe, wosCOPE OF THE STUDY 

This thesis will concentrate on current efforts at 
naval shipyards and at Naval Sea Systems Command to 
identify inventory growth problems. Management policy 
actions previously taken to restrict or reduce the size 
of inventory, as well as actions planned in the future, 
feel also be included. Alternatives not previously 


considered will be proposed and evaluated. 


E. LIMITATIONS 

The inventory management problems in existence at 
naval shipyards are representative of the inventory 
management problems being experienced throughout DOD. 
This thesis is not, however, intended as a study of DOD 
inventory management policies due to the scope and time 
limitations that exist for tats es Chesice. Naval 
Shipyards were selected Oe study due to the 
availability of data and the perceptions of the author 
that a valid study could be conducted within both the 
time and financial constraints which impact upon the 
Gonguet of this werk. The recommendations for change 
GPesultingefrom this study will hopefully provide 


workable alternatives to a well known, complex problem. 


F. ORGANIZATION 

Chapter I introaduces the missvons of naval 
shipyards and describes how shipyard operations are 
financed by the Navy Industrial Fund. Also included is 
a description of shipyard job order cost determination 
and a discussion of the manner in which the Navy 
Industrial Fund is Ultimate ls: reimbursed, by the 
customer, for the services prev iaeae The objectives, 
scope, limitations and organization of this study are 
also presented. 

Chapter II addresses the maintenance philosophyaen 
naval shipyards as well as the manner in which overhaul 


and repair schedules are created and costs controlled. 


Ins addition: the major categories of shipyard 
inventories are identified, including the procedures 
used to procure and manage material. The vargews 


factors which contribute to inventory costs are also 
discussed. 

The tremendeme growth in inventory at naval 
Shipyards, and within the Department of Defense, has 
been the subject of several independent studies. Tiles 
studies, conducted by the U.S. General AcCOUT=a 
Office and the accounting firm Coopers & Lybrand yea 
consistent in the identification of the magnitude wwe 
causes of the problem. The results of these studies 


are addressed in détail in Je@hapeewe ek 


1@ 


Chapter IV addresses the methodology used for the 
eenduet of thas study. Iincitw@ed is a discussion of the 
Pe pesworesdata Obtained, the sources of this data and 
the extent to which the various types of data were 
meowmncid upon. 

Chapter V contains data which identifies’ the 
Sep yard inventory growth on a yearly basis for the 
five years ending in 1987. This data includes total 


mecnveary Values tventomy as a percent of operating 


costs, lavoeeinvenbory <onjhand, direct material asa 
percent of direct cost, direct material charged per 
G@irect manhour and direct material reject rates. This 


awe s prescenved to demonstrate the various elements 
iefao are inciuded in the inventory management process 
at naval shipyards. Alternatives to improve the 
Management of inventory are discussed and include 
Serrent initiatives being implemented at shipyards 
which are mmubended to reduce the investment in 
itimentory . 

The final chapter summarizes the results of this 
study and offers specific recommendations for reducing 


the overall investment in shipyard inventories. 


lig 


Il. BACKGROUND 


A. MAINTENANCE PHILOSOPHY 

As stated in the Introduction, naval shipyards 
historically operated with the primary goal to complete 
ship overhauls and repairs on-time Wor™ wea Asa 
result, extensive overhaul pre-planning was performed 
which included the early ordering of all material 
required to support the repair work. Ship overhauls 
are extremely labor intensive, and in an attempt to 
complete the work as early as possible, schedules were 
reduced and large amounts of overtime labor was devoted 
to the overhaul project. As might be expected, this 
resulted in high overhaul costs which were primaraas. 
borne by the customer, the operating” forces. ThYvs eee. 
Was never considered excessive, however, because een. 
implied cost (exact dollar estimate undetermined) of 
being without the operational ship with respecimre 
fleet readiness and national defense was always deemed 


to exceed any cost incurréd@ for ~everhauteonetcpewas 


However, as budget deficits skyrocketed “iam 
early-to-mid 1980s, overhaul costs gained increased 
attention in Congress and the media. This attention 


combined with a decline in private shipyard business, 


brought increased congressional requests for shiie 


12 


repair at private shipyards. This situation resulted 
imc he Wi teation of competitive bidding between 
private and public shipyards for overhaul work. And 
SPemeueh DOth activitieswswere forced to reduce costs, 
Meet Shipyards initially experienced difficulty in 
Beoweiiwe Costus CO the extent required to receive 
contract awards. PermitiiaLtely, this trefid has changed 
and now private shipyards are finding it increasingly 
difficult to compete with naval shipyards, particularly 
With respect to work on nuclear powered vessels. 
several factors contributed to the naval shipyards’ 
ability = reauce™ costs. iter, 1 lrs tee Oheeinese , 
congressionally mandated competition, was extremely 
successful as discussed in the preceding paragraph. A 
Pe@ema initiative involves a revised Maintenance 
philosophy which extends the periods between overhauls 
for certain classes of ships and eliminates overhauls 
for other classes of ships. Extended operating cycles 
have been made possible primarily through the 
construction of propulsion plants and equipment that 
are more easily maintained through routine, periodic 
maintenance. Additionally, overhauls have been reduced 
through the implementation of frequent, short-term (2 
to 4 month) maintenance periods throughout the life of 
eoniabmwship= «classes. These short-term maintenance 


periods are used to either sustain the material 


di 


CONnGLU°LON OF a ship between overhauls (selected 
restricted availability) or to accomplish maintenance 
in segments over a series of shipyard visits (phased 
maintenance availability) [Ref-. 6: See 17% Ships 
assigned to selected restricted availabilities (SRAs) 
are enabled to operate longer between overhauls, and 
ships assigned to phased maintenance availabilities 
often forego overhaul altogether 
According to a 1986 General Accounting Office (GAO) 
report 
By 1982, the Navy had placed nine classes of surface 
combatant ships on extended operating cycles. For 
some of these, the period between overhauls was 
extended from 37 to .6@ months; according, @on 
shipyard official, in 1984 the time between overhauls 
for some of the others was extended from about 4@ to 
6@ months or more. The official also said that 
1986 the Navy removed 88 of these ships from the 
overhaul schedule for fiscal year 1987 and beyond and 
that the Navy intends to do only short-term 
maintenance to keep the ships in operation until tie, 
become obsolete. [Ref. 6: p. 11] 
This change in maintenance philosophy has resulted in 
extended “ship operatLine cycles, uniform shipyaueg 


workloads, a reduction in the shipyard labor force and 


lower costs through greater economy and efficiency. 


B. COST AND SCHEDULE CONTROL 
Ships designated for overhaul or repair are 
typically assigned to particular shipyards between 12 


and 18 months prior to the scheduled start of overhaul. 
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Once this assignment is made, maintenance personnel 
from the ship’s Type Commander (TYCOM), for example 
Commander Submarine Force Us Atlantic Fleet 
(COMSUBLANT ), begin working ai eB al the planning 
Gepartment of the assigned shipyard to define the 
specific work desired during the designated maintenance 
period. The result of this effort is numerous work 


packages which define, by ship system, the overall work 


effort required. Work packages are reduced to job 
Orders which describe in detail the work to be 
performed and serve as a means for documenting 
maintenance costs. Kach job order identifies the 


material required to support job completion and is used 
by the planning department in the preparation of Job 
Mearrerial Lists (JMLs). These JMLs are subsequently 
submitted to the shipyard supply department for 
material requisitioning, with the goal of obtaining all 
required materials prior to the scheduled start of 
work. As might be expected, this goal is often 
weer rcult to attain. 

Job orders also serve to identify individual work 
elements to overhaul key events. A key event isa 
designated point in the overall sequence of work which 
the shipyard or higher authority has determined to be a 
Significant milestone for timely work completion. Key 


events typically define the critical path of the 


overhaul process, and as such are monitored closely, 
everyone concerned with overhaul progress. Although 
several hundred such events are usually defined for 
purposes of work status determination, those depicted 
in Figure 2 are the most significant key events fora 
nuclear powered submarine overhaul. The time period 
indicated represents the number of months after ship 
arrival that the particular key event is expected to 


bie ome 


Ship arrival/ 


equipment removal Drydock Undock 
a | 2 
@ 1 9 
MOS ===== > 
Engineroom Hot Reactor plant sea Complete 
steaming operations Cr astiasc ai] trials overhaul 
Ss 
11 12 14 16 ii 
Figure 2. Submarine Overhaul Keyeivents 


It is during the time period depicted in FiguregzZ 
that the majority of material is drawn from invemeam, 
by the production department and transferred t@ugie 
shipyard work-in-process (WIP) account for that ship. 
When used properly, the OO Oe Gre st: serves as a 


management tool that permits work supervisors to ensure 
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Midna) meter Lal ile On—hand prior to the beginning of 
work. If the required material is not on-hand, the 
pre@dMetlon=decpartment notifies the supply department 
now material expediting action is required. In 
addition, previously unidentified (emergent) material 
requirements are identified throughout the overhaul and 
Peguisitioning action initiated as necessary. 

Four interrelated management constraints similar to 
BnlOs C experienced eel private andustry wust de 


considered by shipyard management [Ref. 7: p. 19]. 


imese ares available manpower, authorized sework, 
pemcadule adherence and estimated cost. Wo la CP aiden tO 
peerablec Manpower, the shipyard must determine the 


number of personnel and the skills required based on 
the forecasted workloads identified from the existing 
work packages. Therefore, work packages must be well 
written and defined to the maximum extent possible. 
Insufficient manpower estimates will result in cost 
increases aae ve either Maintenance delays or 
requirements for overtime labor. 

The shipyard has little control over the second 
SGametraint, authorized work [Ref. 8: p. 37]. Although 
the shipyard provides imput., work packages are 
developed based on maintenance requirements determined 
by higher authority, such as equipment modernizations 


and changes directed by Naval Sea Systems Command. The 


iat 


shipyard input is limited to communications with the 
ship’s Type Commander and usually includes problems 
identified during Shipyard pre-overhaul inspections and 
testing, or during overhauls of similar types of shipee 
Karly identification of previously unidentified 
maintenance requirements is essential due to cost and 
schedule impact. 

Scheduling, and therefore schedule adherence ys, 
mandated by the Chief of Naval Operations as 
recommended by Naval Sea Systems Command based on U.S. 
and Nor th Atlantic Treaty Organization force 
composition requirements [Ref. 8: p. 31]. Factors such 
as the age and type of ship, ship operating cycle (time 
elapsed since previous overhaul oor repair), extent of 
maintenance to be performed and typical shipyard 
performance for maintenance ina certain ship-type all 
determine the length of overhaul. When an overhaul is 
completed on-time or early, the customer benefits 
through the avoidance of work delays in other vessels, 
the avoidance of increased costs which are ultimately 
borne by the customer as well as the opportunity cost 
avoided when the ship is returned to the operational 
fleet. An efficient mix oof resources is required, 
however, which will minimize the dollar cost of the 


overhaul through minimization of overtime labor and 


rework. 
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The fourth management constraint, estimated cost, 
has a direct relationship to authorized work. Future 
costs are estimated on the basis of existing man-day 
labor/overhead rates and estimated material costs. 
Then, considering a fixed budget amount for overhaul 
work, a priority work package is developed to remain 
(owen the budget. The ship’s crew often performs 
minor work that will not be performed by the shipyard 
in order to complete all work within the estimated 
ZoOst. 

In summary, the basic premise of cost and schedule 
imo ls sie, COMpDlete the desired repair work in the 
required time period at minimum cost. Control is 
exercised through the development of work packages, job 
orders and key event schedules which serve as the 
foundation for defining manpower requirements and 
determining cost estimates. Schedule adherence is 
paramount to controlling costs due to the negative 
impact on dollar costs and adverse delays in overhauls 


Srerepairs of other ships. 


C. INVENTORY MANAGEMENT 

As discussed in the preceding section, shipyard 
planning department personnel (planners and estimators) 
determine direct material requirements based on 
customer job orders. Required materials are recorded 


on Job Material Lists which are then submitted to the 


1g 


supply department for requisitioning action. This “its 
the first and most important »step for creatingews: 


material commitment and requisition record. 


Material commitments are for local management and are 


not part of the official NIF Saccoumers- While 
material control begins with forecasting, planning, 
material reservation, etc., based on demand and other 
requirements information, records control at the Navy 
Industrial Fund activitices® berims With specific 
material ordering or commitment action, 1.6€., gem 
material list, bill of material document. With the 
addition of material status and other in-depth 


information, the requisition record has become an 
important vehicle of control relative to the Varvene 


phases of material Dproecessinea; 1.€., maverg@al 
availability, status follow-up, receipt delivery and 
CGOSt ACCOUNT Mie. It has been determined thata 


Single requisition record is the most economies 
means of recording the various data elements involved 
in the material ordering process. [Ref. 2: para. 
60703.A] 


This material is usually placed on order shortly after 
the need is identified, often 12 to 18 months pri. 
the start of overhaul. Upon receipt, this mater tase 
identified to the specific customer job order 
Placed in the Direct Material Inventory (DMI) account 


Which is managed by the supply department. 


DMI is material held in storage, earmarked for a 
specific customer pending issuance to work-in- 
process. The dollar value of this material is held 
in the DMI account and not charged to the customer 
until issued for installation or fabrication.  DPRiiae 
an inventory account used to provide accountability 
for material between the time it is received from the 
supply system or from outside sources and the time it 
is used on the job. DMI is needed to keep material 
costing in line with physical completion and to 
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eliminate, as far as possible, the customer being 

charged for material which was not used on the job. 

[Ref. 2: para. 6@709.B.1] 
This material is charged to the customer’s job order 
and to work-in-process when issued for use during the 
overhaul. DMI material is issued to production shops 
on the basis of a shop request. rWe> produc tdon 
fepoerument then becomes responsible for the material 
Zac Ls Used On the job or returned to the supply 
department as excess. DMI material is only to be drawn 
when the need is known and when the material will be 
used within 30 days after being drawn from inventory 
Meet. 2: para. 60709.C.2]. 

The DMI account is screened upon completion of a 
Suosvomer jJOb order and prior to final billing. Any 
mused Material is assigned te seanother customer job 
order if the material can potentially be used for that 
job. If the material is required to fill a Shop Stores 
requirement, then the material is transferred to the 
Shop Stores Inventory account. In these instances 
where the material cannot be assigned to either of 
these accounts, and the planning department determines 
a potential need for the material during the subsequent 
24 months, then the material is assigned to the 
Unassigned Direct Material (UDM) account, or returned 


to the supply system if no further use is expected. 
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The DMI account is the largest (in terms of dollar 
value and number of line items) of the three inventory 
accounts maintained by the supply department. Physical 
inventories are conducted when the shipyard Comptroller 
determines that conditions require an inventory to be 
taken. Existing inventory accuracy goals require that 
DMI be at least 9@ percent accurate in fiscal year (FY) 
1988, 95 percent accurate in FY 1989 and 98 percent 
accurate in FY 199@. 

The Materials and Supplies Inventory, commonly 
referred to as Shop Stores Inventory, is the second 
major inventory account and consists of commonly Gaeg 
material to support current manufactur ine, repair, 
maintenance and general use. 

The primary purpose of the shop store is to 
facilitate the issue of material which is needed for 
current operations. Therefore, stock is specialized, 
stock control and issue procedures are simplified, 
and the store is operated by personnel familiar with 
the material stocked. Material is stocked based on 


recurring or forecasted demand and shop store items 
may meet single customer requirements. [Ref. 2: para. 


607@6.A] 
The supply department establishes and maintains stock 
levels based on usage, safety stock requirememme, 
expected Dredaduct en and/or planning department 
requirements and funding limitations. Stock levels 


based on bas COMiGa | CONS amp tarom and forecasted 


requirements as follows: 
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1. A 90 day demand level of high volume/low cost 
Sonecuniebpwemetems such as office supplies, paint, 
rags, etc. 


2. A 15@® day demand level of raw material such as 
sheet steel, bar stock, etc. 


%. A 18@ day demand level of forecasted material to 
Spport LUubUres production. 


4. Seasonal bulk items such as coal, oil, etc. 
PRef- 2amepara. 60706.D.1 ] 

peomd@ard U.S. Government stock material assigned 
Meewonal Stock Numbers (NSNs) is required to be 
MWtaiized to the maximum extent practicable. isa 
mit@iwmeben, Material co-located in both Shop Stores and 
Pitieshould be consolidated and carried in the Shop 
emores fInventory based on historical demand. All 
MaGeoive onop Stores items are returned to supply 
system stock if in ready-for-issue (RFI) condition, or 
disposed of if in not-ready-for-issue (NRFI) condition. 
Paysical iiegenhbori1es are required semi-annually. 
there tinge aCcumacy goals require that this account be at 
Beam i> percent accurate in FY 1988, 8b percent 
accurate in FY 1989 and 90 percent accurate in FY 1990. 
Unassigned Direct Material (UDM) Inventory is the 
moard Mayor shipyard inventory account. As the name 
mpl res, thers inventory account consists primarily of 
excess material formerly assigned to the DMI account. 
This material is either excess to the required DMI 


DIM ASS Ie iy levels OGee lem. Ceaents a iinarterial returned 
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(unused) but no longer required after completion of a 
customer order. Such material is transferred to the 
UDM account if there is a foreseeable need for that 


material within the subsequent 24 months or if the 


material historically requires a long procuréemenmg 
leadtime. All new material orders are screened against 
Tine Ue eae c@elinee, and transferred to DMI unde@iea 


requiring job order or to Shop Stores on the basis of 
demand. Items remaining in the UDM account for longer 
than two years are typically returned to supply system 
stock or disposed of if obsolete. Physical inventories 
of material assigned to the UDM account are required 
annually. Inventory accuracy goabs for this invVenm@eny 
account are the same as those assigned to them 
ac Coun t.. 

In general, all shipyard material not chargeghaa. 
work-in-process or pre-expended bins should be recorded 
in one of the three inventory accounts described above. 
Material excessing procedures are depicted in Fig 
[Ref. 9: p. 19]. 

Shipyard inventories are identified to two material 
categories: Navy Industrial Fund (NIF) material and 
non-NIF material. The three inventory accounts 
described above belong to the NIF material category as 


defined below. 
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Outstanding 
Commitments 
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to 
disposal 








~"ource: Corporate-Tech jel ienanalsielfes. ie cvomae Material 
Management System supervisor Management 
Course, prepared for Norfolk Naval Shipyard, 
hOSD. 


Piette o>. Mxcess Material Processing Procedures 


1. NIF Material. NIF material consists of all 
materials or supplies owned by a naval activity 
Speratine Under the industrial fund. Ownership 
by NIF is considered analogous to material paid 
mor Tron NIF cash and material donated to 
NIF....NIF material may be physically located at 
rao Ni aecnlVity, Aa private contractor or other 
Sinelar location, or in an in-transit status with 


location unknown. In any event, all NIF material 
mete be recorded in the NIF accounts: Material 
and Supplies Active--Account 1421; Material and 
Supplies Insurance--Account CCIE SS Seer BB oo e-n 
Material--Account 1431; Unassigned Pare c t 
Material—=—Account 1432.... 

2. Non-NIF Material. Non-NIF material consists of 
that material owned by tie NEF activity’s 
Customers. CUprently in 1p les Nite tac tin bby? Ss 


custody, and is to be used in relation to work 
Pemeweonmecaduteyetne NIE activity or ship’s force. 
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This includes Government Furnished Material..., 


material financed by the customer,...material 
purchased with customer funds that is excess upon 
completion of a job, awaiting disposition or 


authorization by the customer to retain ime 
future use. [Ref. 2: para. 68701] 

Naval shipyards record and control the procurement, 
receipue ee le ie inspection, Storage, and issue of 
material with the use of an on-line data processing 
application known as Material Management (MM) [Ref. 9: 
Dz. Wile. The MM subsystem is integrated into the 
shipyard management information system (MIS) and serves 
as a ready reference for information dealing with 
shipyard material inventories. Data terminals are 


located throughout thee shwpyara, including productimen 


shops. Material availability and order status are 
readily determined by entry of stock, requisition or 
job order numbers. MM facilitates the management of 


the shipyard inventory accounts. 

The MM subsystem also aids in the identificatim@inge. 
excess material by creating excess materials listings 
at the completion of overhaul work. These listings are 
then reviewed by responsible personnel within the 
production department for evaluation of any potential 
future use for the material. Figure 3 demonstrates the 
alternatives available to decision makers. MM also 
collects historical material usage data for use by both 


supply and planning department personnel. 
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D. INVENTORY COSTS 

Although most shipyard management data is directly 
concerned with the dolar (cost) investment in 
inventories, numerous other costs exist which must be 
considered, as well as controlled, if the overall 
—~vCM@aeOry sallVeStMent 1S to be reduced. specifically, 
the variable costs to order and hold individual items 
moo De Minimized subject to the constraint that 
required material will be on-hand when called for. The 
GOst attributed to not having material when required, 
otherwise known as shortage or stockout cost, varies 
mpending on the significance of the particular item to 
the task at hand. Actual shortage costs are difficult 
to determine, and in practice are a function of the 
average number of days forecast for delay in the 
availability of material and the availability of funds 
for inventory investments [Ref. 1@: p. 2]. As a result 
of this uncertainty, decmomems relating” to t#mplied 
Seertagze= costs require a great deal of experienced 
judgment. The cost of labor that remains idle due to 
Paemback OL Material is frequently used to determine 
Beawalesnortage Cost for individual jobs. 

Department of Defense mastruction 4140.39, 
"rroecurement Cycles and Safety Levels of Supply for 
secondary Items", establishes basic Department of 


Detecmeae POkIcy ftorethe minimazation of total variable 
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ordering and holding cost, SUBJEGCU CON Uae Coen ea 
an implied shortage cost, for naval systems commands, 
inventory control points and project managers [Ref. 190: 
p- tale The concepts presented in this directive are 
equally applicable to naval shipyards and are utilized 
in the determination of economic order quantities for 
individual items. 

The cost to order an item of material is dependent 
on the procurement method used. The cost to” order 
includes the cost to prepare and process the material 
request as well as the cost devoted to processing the 
material upon receipt”"and placing the material iu 
appropriate warehouse location. The cost of ordering 


material procured under purchase contract is usvuaie 


greater than the cost of ordering standard-stock 
material due to the additional cost of contrae: 
preparation and administration. Because fixed costs 


are essentially uncontrollable, only those costs that 
vary as a function of the number of orders placed 
Should be identified for cost reduction analyeaee 
[Ref. 18: encl. 3] 

The variable cost to hold items of inventory 
reflects the monetary penalty of holding inventories 
anticipation for future use The variable cost to hold 
inventory consists of a charge for the investment of 


capital, losses due to obsolescence, other losses of 
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on-hand assets and storage costs. These elements are 
defined in Department of Defense Instruction 414@.39 as 


follows: 


ilies Investment cost. The view taken towards the 
investment of funds in inventory is that each 
public dollar so invested represents a dollar of 
Mvmt ime the private sector foregone....An 
mii wesoitan 2c "ol bel percent of the» average on- 
hand inventory will be made.... 


Pale Cost of losses due to obsolescence. we. LC Lude 
losses of material due to all causes that render 
the on-hand material superfluous to need. Thus 
this element will include losses due to 
becinolewmwmcal, Bobsolescence, over-forecasting of 
Piao ober loratlon beyond thes point of 
use, and other causés.... 


EeeOther losses. This element is intended to cover 
losses due to such causes as pilferage, 
shrinkage, inventory adjustments, etc.... 


mo 6 SoLOrase cost. This represents both the "out-of- 
Powe) MeEcOStsom lncumred in the keeping of 
inventory and the amortized cost of the storage 
_aitiinloss tne Cost Of Storing the inventory 
mesciit imemmdes: care of material in storage, 
bememehousingweestbs, cost of physical inventory 
operations, preservation and packaging, training 


of storage Per sonic im, cost of warehousing 
equipment and pro-naiked base services’ and 
everhead cosvs. The sum of these annual costs 
divided by total average on-hand 
inventory...gives' the LOuGc=enr—pOCKet  MWisiworage 
Came rate.... Ref. 10: wncl. 4] 


meemoosOlLescence loss rate 1s computed by dividing the 
value of transfers to disposal by the value of on-hand 
plus on-order assets. The rate of other losses is 
based on a three-to-five year moving average wherein 
the adjustment, ff) DOSiLAve , isaeosect equal toyzero. 


Storage costs are estimated to be one percent of the 
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total inventory value. The Navy’s inventory control 
points estimate the total annual holding cost to be 23 
percent of the dollar value of each item held in 
inventory, and therefore total annual holding COsit ie 
those activities is equal to 25 percent of teem 
inventory value. 

shortage costs, when used for budget computatiaeme 


are a function of the performance goals established to 


meet Oper au oma readiness and operating tempo 
Obj] EGGumves. When used in daily operations, shortage 
cost is a function of funding levels or other 


management decisions relative to short-term management 
objectives. In those instances when a desired level of 
performance is specified in terms of the number of days 
permissible for the delay of work prior to material 
availability, the shortage cost becomes fixed and 
directly impacts the funds required for investment in 
inventory such that larger inventory investments will 
be wrequir cde Conversely, if the funding i1ceveiae 
predetermined, the shortage cost becomes fixed anqaene 
level of performance is directly affected. [Ref. 1@: 
encl. 2] 


These cost elements are useful when determining 


economic order quantities (EOQ) and making other 
management decisions regarding individual items. 
However , computations become cumbersome when these 


DO 


elements are applied to management decisions regarding 


overall inventory investment. 


E. SUMMARY 


The large federal budget deficits of the 198@s have 


Seeatved the need to control government spending, 
particularly when wet spending mo ~“Gxcesslive, Or 
wasteful. As a result, naval shipyards have been 


mome@ed tO exercise greater control over the cost of 
aap repairs and overhauls. Part Ges thne efitort to 
Gontrol costs is reflected in recent changes in ship 
memntenance philosophies. These changes primarily 
exist in more frequent, brief maintenance periods and 
fewer extensive, long-term overhauls. 

m_cwmey we COst reduction is through cost and 
schedule control while completing the repair work in 
the required maintenance time period. Such control 
exists in well-defined work packages, well-written job 
Sreaers and key event schedules which are routinely 
followed. Job orders serve to identify the material 
required to perform overhaul and repair work, while 
specific key events determine the timing Qi sawlae 
material requirement. The failure of any of these 
Pietettom~wa || pOoOLentially result in the inability to 
complete work when required, which in turn may result 


in undesirable cost increases. 


on 


Most shipyard material is recorded an “ome of "tie 
inventory accoumm. Direct Material Inventory (DMI), 
Shop Stores Inventory and Unassigned Direct Material 
(UDM) Inventory. DMI material is obtained for use in 
the repair of specific vessels, and Shop Stores 
material is stocked by the shipyard based on recurring 
demand and common use. The Unassigned Direct Material 
BVeeuoubla ge consists eur "excess" material, formerly 
assigned to one of the other inventory accounts, for 
which a potential future need exists. If not used 


Within the first 24 months from the time that the 


material is transferred to the UDM account, (ie 
material is réturned iu. supply system stock Wau 
transferred to disposal. Monetary credit is received 


for the value of inventory returned to the supp 
system. 

Shipyards utilize an on-line data processing system 
known as Material Management (MM) to record and control 
the procurement, receipt, movement, inspection, Stem 
and issue of material. Fully integrated inv@ jie 
shipyard management information systen, the MM 
application is at the center of shipyard material 
management efforts. 

These concepts are the basis for understanditig@ gama. 
inventory management problems discussed LY tata 


remainder of “this study In addition, these concep 


Ne 


provide the framework within which any corrective 


action must occur. 


ES 
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A. GOVERNMENT REVIEW 

Inventory management problems at naval shipyards 
were cited by the U.S. General Accounting Office (GAO) 
as early as 1978 [Ref. 11]. At that time, the GAO 
reported that more eff Mwemenw material management 
practices were needed in order to Overcome existing 
weaknesses in Shipyard material requlirememmne 
determination. opecifically, the report recommended 
that procedures be imphemented which would utiige 
historical material usage data for determining future 
(planned) material requirements, as well as procedures 
for identifying and recording excess material. They 
also recommended that physical inventories be taken at 
specific shipyards where inventory records were found 
to be inaccurate. The shipyards responded by 
developing applications within the shipyard management 
information system which would provide historical usage 
data to planning department personnel. 

Between 1979 and 1983, the value of inventories at 
naval shipyards increased from $250.8 million to $523.4 
million--an increase Ole 265 percent adjusted for 
inflation [Ref 12. cer This prompted the GA@ii. 


conduct another review to evaluate the effectiveness of 
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material management activities within the shipyards. 
This review, published in May 1985, was conducted 
between November 1983 and October 1984 and consisted of 
work performed at four naval shipyards and at NAVSEA 
headquarters. Two privately-owned shipyards were also 
visited in order to determine how shipyard materials 
are managed in the private sector. The GAO discovered 
Vreweane problems existing in 1978 continued to be 
problems in 1984, although corrective action had been 
meamen based on the 1978 report. 

Pie onAowduecovercd that historical data for direct 
fiaerial was incomplete, Poaceurave | and nem Deing 
Utilized for material planning. Data was being 
maintained for material issued throughout overhauls, 
te data regarding Material actually used was not 
accumulated. ive erdcgition, the data base failed to 
imemuade items manufactured within the shipyard for 
installation on overhaul vessels. Without accurate 
data regarding material actually used, thie shipyards 
Semuanmed tO Order material for future overhauls that 
was not actually required. [Ref. 12: p. 4] This 
peoblem= was turther complicated by the fact that unused 
material was not routinely returned to the storeroom. 
This material usually remained in production shops 
Unmeceracd Gnimventory records. Long Beach supply 


personnel estimated in June 1984 that the value of 


Be. 


excess materials at that shipyard was well over $14 
midljonw | Retis 1 2imie. 1 9je 
Bac ised dire to analyze historical usage data 

prevents the identification of the materials actual 
needed to perform overhaul Swork. AS a result, some 
amount of unneeded material is ordered and placed in 
inventory and some required material is not ordered 
until the work is in progress. This creates excess 
material as well as increases the amount of material 
that must be ordered after start of overhaul. Pom 
example, 

..-Norfolk’s electronics shop analyzed materials that 

had been ordered for four ships after overhauls had 

Started and found that the production departments: 

ordered about 64 percent of the 3,345 line items 

ultimately used. [Ref. 12: p. 5] 
Such shortages reduce Wete overall efficiency of 
Shipyard operations by requiring that produc Gaiam 
personnel delay oor reschedule work while awaiting 
material. The GAO reported that 

..one mechanic estimated that 35@ of the 1400 labor- 

hours he spent overhauling high pressure air 

(compressors) could have been eliminated if the 

planning department had ordered all materials needed 

for the overhauls. [Ref. 12: p. 7] 


This additional time was devoted to identifying 


required materials and preparing Job Material Lisagee 
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THe “need to order “material once work begins on 


pertctiecular jcbs also increases costs due to “he 
additional time required to manually process’) and 
eeepecaate those additional requisitions. When material 


needs are properly identified prior to start of work, 
expediting actions are kept at a minimum and devoted 
Smiy to those situations in which early identification 
Of material was not possible. As revealed in Table 2, 
meres amount of time “devoted to expediting by supply 
personnel at Norfolk Naval Shipyard is exceptionally 
high, far ticular ly in the Gace Ou control — and 
pmrehasing divisions. Pome M@tevoted “CTO expediting 


normally results in time away from regular duties. 


TABLE 2 


MATERIAL EXPEDITING AT NORFOLK NAVAL SHIPYARD 


Persons involved Lane Spent 

Organization inmexmedi ting eX) © Gakvam oc 
(number ) (percent ) 

Receipt control 40 90 
Stock management 6 WS 
Puerta s 1S 13 6@ 
Shop stores 6 5@ 
Technical 1s 5 


source: United States General Accounting Office Report, 


The Navy Can Improve Material Management At 
Naval Shipyards, May 1985. 
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Late identification of material often requires = tia 
requisitions be submitted at a priority higher thaw 
might otherwise be required had the material need been 
identified earlier. Priority abuses slowe Nav, siepeee 
system response times because high-pr i ods 
requisitions frequently require manual  processimeaaa- 
i nWweniEOimy VestOCc lap Omsad or OPNAV Instruction 46143 
requires that no more than 50 percent of sSHh@ipyanwe 
requisitions be categorized as high rior. Ina 
separate study, the GAO found that six naval shipyards 
exceeded that guideline in August 1983, and all eight 
shipyards exceeded the guideline in July 1985 (see 
Table 3) [Ref.s815:) poe 

Costs are also incurred in storing and managing 
excess (unused) material, the extent of which depends 
on the amount of unused material generated. The GAO 
report indicates that private shipyard officials 
believe that unused materials should not exceed five 
ten percent of the materials ordered, whereas NAVSEA 
proposed a_ goal of 15 percent [Ref. 12: p. 8]. Unused 
material for overhauls at naval shipyards between 
January 1982 and March 1984 was 16.85 percent of the 
material ordered, and valued at $166 million. The 
amount of excess material ordered by individual 


shipyards varied between 6.78 percent and 44.43 


bX= 
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REG PREORETY RHO@UILSITIONS BY SHIPYARDS 


PemeciUeremassaoned a high priority 


Shipyard Cwioe Line August 1983 July 1985 
Norfolk 5@ 72.4 deb 
Por tsmouth 5@ Ble 1 Ovee 
Long Beach 5@ Suee2 6b ai4 
Mare Island 5@ fro. 5 Ooms 
Pearl Harbor 50 (a) 57 we 
Philadelphia 5@ fel. 7 Doms 
Ghar beston 5@ O65 DD 
Puget Sound 50 (a) 54.5 


2Did not exceed guideline 


Source: United States General Accounting Office Report, 
Intermediate iio Orme s Can poems cauuccd, 
October 1986. 

percent. Table 4 contains the data obtained by the GAO 

Zor exacChe Of the shipyards. 

Tiveuborme accUmacy, at #keaste ineathe ShopsStores 
Inventory account, was also found to be a significant 
problem. A 1984 Naval Audit Service sample of 519 Shop 
Stores items at Norfolk Naval Shipyard indicated that 
On—-hand balances were incorrect for 69 percent of the 
sample. Inventories of Shop Stores material, although 


required annually (at that time), were generally not 
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TABLE 4 


VALUE OF NAVAL SHIPYARD EXCESS MATERIAL 


Sha py aaa Received Unused? material ordered 
(millions) 
Ports mout 4 Sater. 3 $ 29.9 44.4% 
Long Beach DG) g Ml 14.40 14.49 
Charleston 93.8 alee 22.49 
Pearl Harbor 82.8 14.7 1 amt? 
Puget Sound Pale. 5 31.9 14.60 
Norfolk Lopes wm .6 25.@9 
Mare Island ten Ss "#29 6.2% 
Philadelphia il) teen Due 7.48 
TO teal $ 989.9 $51 66ne 16.83 


Value of Material 





Percent of 


24In some instances the amount of unused material 
Was understated because it was taken from shipyard 
reports prepared during wervc. hace These reports 
did not include unused materials which were turned 
in after the reports were issued. NAVSEA officials 
noted that amounts reported aliso included @eem. 
duplicate items because materials not used on one 
overhaul could be transferred to a future overhaul 
and still not be used. 


DIncludes $7 million in unused materials for the 
USS New Jersey. Long Beach had reported $307,090@ 
in its financial statement, but the Navy Auditor 
General stated excess materials were worth $7 
mie on- 


Source: United States General Accounting Office Report, 


The Navy Can Improve Material Management At 
Naval Shipyards, May 1985. 
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beime performed atemmall . Of Mare Island Naval 
Saapyercd’ ss 26 shop stores, three had not been 
inventoried since 1979, eight since 198@ and one since 
1981. The results of the most recent inventories at 
Mare Island also indicated an error rate of 82 percent 
in one shop store and 91 percent in another shop store. 
The GAO inventoried 53 items valued at $72,000 at Mare 
island and discovered that inventory records for 38 of 
the items, or 71.7 percent, were incorrect. [Ref. 12: 
mere)! Data indicating the degree of disparity in 
imradievidual inventory records was not available. For 
example, when records indicate an on-hand balance of 
OO units when 101 Mini tewexists in-=inventery, aheerror 
exists but is less severe than if only 25 units exist 
in inventory. 

Accurate inventory records are the foundation from 
woeemeali inventory management action is taken. When 
inaccurate records exist, material reorders take place 
Ewuner carlicr or later than they should and material 
Shortages occur when the records show material on-hand 
but none actually exists. Material shortages often 
fest 1n pYroe@uetiion debays,erequiring costly manual 
requisition processing and expediting. imecorrecimaon -— 
hand record quantities also impede the application of 
economic order quantities, Which in turn results in 


less than optimal ordering and holding costs. Material 
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Quart) bese excess of immediate and projected 
requirements also increase” Material holding “eesti 
preclude the use of material elsewhere within the 
Department of Defense, and cause additional inventar: 
investments to be made within DOD for material that 
would otherwise be available were it identified as 
excess and returned to Navy supply system stock. 
Excess holding costs are also attributed to existing 
material that is not re@eorded in the inventory 
accounts. 

Inaccurate inventory records are not UWhioQwemee 
naval shipyards. This problem was Known to exist 
throughout a number of Navy activities, and in the 
summer of 1984 (while the GAO shipyard review was being 
conducted) then-Secretary of the Navy John Lehman 
imposed a Navy-wide freeze on the disposal or transfer 
of excess material [Ref. 14]. The purpose of this 
freeze was to ensure that Navy activities were 
transferring valid excess material, which required that 
inVeEentorny ee cordas be verified prior to maverwal 
transfer. This freeze was incrementally lifted, by 
Navy activity, throughout the following 12 months as 
actual excess material quantities were verified Gee 
various Navy activities holding material stocks. 


However, this freeze was not lifted for naval shipyara 
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until February 1988, a situation which has enhanced the 
existing amount of excess material. 

GAO believed that one of the major reasons material 
Management problems existed at naval shipyards was 
because shipyards were not held accountable for 
fplementing systems and procedures to improve material 
management. Shipyard personnel also were not held 
accountable for implementing required procedures and 
improving management efficiency. Pate teers bie problem 
was the lack of well-defined standards such as goals 
for the percentage of direct materials ordered after 
wae eabart Of overhaul and the percentage of unused 
ar ect Materials remaining at tae Neemotecn1on of 
overhaul. The GAO recommended that such goals be 
established and that individual performance be measured 
against the accomplishment of those goals. [Ref. 12: 
pp. 18-19] 

Problems very similar to those discussed above were 
found to exist throughout the Department of Defense and 
were addressed in testimony before Congress by the 
Comptroller General of the United States in October 
VWIS87. The Comptroller General cited the following 
problems that were found after comprehensive audits 
(347 reports) at 30 DOD locations over the previous 


five years: 


4% 


.- DOD does not have , accurate data on whicn to ae. 
management decisions. Therefore, DOD needs to place 
increased emphasis on inventory management, 
particularly because of inventory growth over the 
past few years, which has added to previous problems. 
The value of DOD’s inventory of secondary items, Siena 
as repair parts and supplies, is estimated at over 
$9@ billion, almost twice as large as it was just 5 


years ago. This inventory may be more than DOD needs 

or can efficiently manage. For example: 

1. There has been a significant increase in tie 
amount of secondary item inventories C€xcessre 
requirements. At the beginning of fiscal year 
1987, these excesses were valued at $29.5 


billion, up from $7029 bi 11 one eee 
2. DOD has bought large amounts of repair parts, in 
support of newly fielded systems, that ame eee 
needed to support the systems in the first few 
years of their operationss 
%. DOD warehouses are being filled to capacity 
resulting in DOD -relaxing its policy Ot jie. 
disposing of any item supporting a weapon system 
still being used. [Ref. 15: pp. 1-2] 
DOD inventory error rates were consistent Witham 
error rates previously presented for naval shipyardee 
Although shipyards are included in the preceding eazy 
it is obvious that shipyards are only a small part of a 
very large and complex” probiiem: such a system, at 
least within an organization as large and complex as 
the Department of Defense, will never be perfect and 
some inventory problems will always exist that require 


management attention. The magnitude of the proebieas 


however, makes it obvious that positive coOrre@iea 


action is overdue. 
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B. INDEPENDENT REVIEW 

To ensure an impartial and comprehensive analysis, 
as well as to derive the benefits of practices within 
ees private sector,™the U.S. Navy contracted with the 
peapleCc accounting firm Coopers & Lybrand for the 
performance of a management analysis of Navy Industrial 
Pond activities. This review, completed in June 1986, 
was directed at the eight naval shipyards. Over 1400 
interviews, extensive independent observations and 


document analysis were conducted which resulted in 


approximately 300 issues with recommendations for 
@manee [Ref. 162% p. i]. Although the review was 
Seemected. at all shipyard operations, a significant 


Peemenits was related to the "material and inventory 


management areas. As stated in the report: 


Problems in shipyard material management cut across 


functional boundaries within the Shipyard and 
directly affect the shipyard’s mission of overhauling 
epierepairing ships on time, within cost and to 


requisite quality standards. [Ref. 16: p. MM-1] 


The findings of this management analysis support the 
findings of the GAO which were previously discussed. 
For brevity, only new data from the Coopers & Lybrand 
report 1s presented in the remaining paragraphs of this 
Sec talien. 

Coopers & Lybrand found a unique concern for 


material related issues within the naval shipyard 
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environment. Management, it seemed, was extremely 
apprehensive that delays or disruptions i ne repair... 
would result from the failure to have the prepee 
materials on-hand prior to the start of work. The 
auditors believed that this "conservative" attitude is 
responsible for creating costly inventory management 
methods. These methods in turn create many of tne 
problems that they are intended to prevent. The report 


determined that: 


This conservatism results in duplication of etieme 
excess identified and unidentified material 
inventories and increased numbers of indirect 
personnel assigned to material management functions. 
At the same time, effective control of material 
Management processes is impeded by overlapping of 
organizational responsibilities, problems With. 
timeliness and accuracy of information system data, 
conrlicting: Sdirec tines. inadequate or incomplete 
procurement technical data, separation of procurement 
from the "User s42¢ul. aan. outdated and ineiie@uiae 
Dey 6 lan @ tony management and material distribDi@gigen 
systems and the delivery of defective or 6@t 2a. 
specification material. [Ref. 16: p. MM-1] 


The existence of these conditions result in exXCee=ie 
material costs not only in terms of inventory doi. 
value but also in procurement and carrying costs (which 
includes both labor. ame facilities) as well as 
increased costs due to schedule delays. Ultimately. 


such cost increases are passed on to the customer as 


part of shipyard overhead costs (see Figure 1 on page 


ih > 
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The auditors also discovered that about 25 percent 
of the material requisitioned during the pre-overhaul 
period was not on-hand prior to the beginning of the 
repair period. Thirtyefive wpercent of the material 
actually required for an overhaul is ordered after the 
repair period begins, and 2@ percent of that material 
is required to support work that is not identified 
during the pre-overhaul planning period [Ref. 16: p. 
MM-4]. SContrivutlmeestow thismeproblem is*the existing 
Materials planning, requisitioning and distribution 
process which invem@ives various independent 
responsibility centers. The absence of coordinated 
Pomoc auseS a duplication of functions which in turn 
contributes to multiple material oorders’' and prevents 
the assignment of responsibility when errors”) are 
identified. Material orders are written without 
meromderatien for timing of*jobs during an overhaul, 
maecewscquence ~of those jobs or the ability to obtain 
material by the required start of work. lLong-leadtime 
material (LLTM) orders are batched with standard stock 
Sredecrenama@ little or no followup is performed during 
the procurement process. AS a result, material is 
often not available when called for and production 
delays occur. On the other hand, the early receipt of 
Standard stock material unnecessarily increases the 


cost of material storing and handling when the material 
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remains idle for months or years awaiting the start of 
work. Improved scheduling, coordination and management 
would serve to decrease the costs and schedule delays 
created by this situation. 

several problems were identified in the materials 
planning and procurement process: Formal make-or-buy 
procedures, although in existence, are not consistently 
followed [Ref. 16: p. MM-12]. Procurement personnel 


are not a part of the make-or-buy decision process and 


are WMS oe Shee S not consulted regarding costa 
procurement alternatives. Technical documents provaded 
for requirements determination are incomplete “Or 


inaccurate for approximately 25 percent of the non- 
standard materials required, creating problens a7 
writing procurement specifications [Ref. 16: p. MM-13]. 
As a result, data provided on Job Material Lists is 
frequently inadequate, requiring that 4@ percent of the 
JMLs submitted be returned for additional informatie 
[Ref. 16: p. MM-13]. A significant deficiency 
recognized was the absence of any central procUréem@eaw: 
organization which coordinated major purchases’ for 
several or all shipyards. Such an organization ~@omid 
eliminate duplication of procurement actions as well as 
derive cost Savings througn Quam 1 ty dis¢ourmer 


purchases. 
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Pees tine purchase regulations prevent the use of 
specifications which would single out a unique purchase 
source unless such action can be proven absolutely 
necessary. Without tailored specifications, material 
is often purchased that Camnet by used without 
substantial rework [Ref. 16: p. MM-19]. During 1986, 
13 percent of the material placed into use was rejected 
as non-functional. Work delays are often experienced 
Peeaiec the truc wmatberdal «condition is indeterminate 
mel Just prior to installation. Three shipyards must 
meyer On other activities for procurement of non- 
suendard material and as a result exercise little 


management control over this function. 


C. SUMMARY 

The inventory management Proo lenis at naval 
shipyards are numerous and complex. The financial 
impact of these problems is significant and positive 
corrective action is overdue. Specific Lurdance is 
meme d which will provide shipyards with specific 
management goals which will both improve performance 
and serve as a measure of performance. Material 
planning, which is currently 4@ percent ineffective as 
measured against the existing policy to have all 
material on-hand prior to start of work, must be 
improved with better technical data for material 


identification and the analysis of historical usage 
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data for requirements determinarvircon. In addition, ae 
discussed by Coopers «& Lybrand, they policy requir 
that all material be on-hand prior to start of work 
contributes to excessively high inventory levels which 
are accompanied by increased procurement and carrying 
costs. Material inventories and inventory records must 
by verified and corrected in order that sound inventenm, 
decisions may be made. Finally, procurement policies 
should be streamlined and activities™ coordinated, 


order to benefit from economies of scale. 
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IV. METHODOLOGY 


Tie Stremendeus attcention given to the inventory 


ieneasement issue within the Department of Defense in 


recent years fic oiecOmn ia = the publication of 
Mime rOous reports on the subject. These reports are 
very consistent 1g. the treatment of inventory 
management problems within naval shipyards, and were 
relied upon as a major source of research data. These 
reports, as well as other items of literature 
@esecrabing shipyard operations, were obtained from 


Naval Postgraduate School faculty, the Knox Library of 
mae Naval Postgraduate School, the United States 
General Accounting oririce and Charleston Naval 
Shipyard. 

Mice mere ratthece Was reviewed in detail in order to 
gain an understanding of naval shipyard operations and 
material management procedures. The documents relating 
to prior studies were then studied in detail and 
Evaluated based on the relative findings in each 
Heol ve tnese documents provided a detailed evaluation 
of the magnitude and extent of inventory management 
problems at naval shipyards. Key issues and concerns 


Veu-omeleocmwuli ted in order to develop a framework for 


Laos Guidi. 
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Additional relevant resource data was also obtained 
from Naval sea Systems Command headquarters and 
Charleston Naval Shipyard. This data, reflects 
historical inventory levels and operating cost swat a 
eight shipyards for the five year period ended 30 
september 1987, served as original source data which 
Supports, in part, the findings of the prior studies. 
The primary purpose of this data was to determine the 
kinds of inventory management data utilized by 
responsible personnel to monitor performance as well as 
to provide a realistic basis for problem resolution. 

Personal (telephone) interviews were conducted with 
ger eon ae Il responsible fOtc inventory management 


decisions in order to clarify questions that arose 


oh b ae ered data analysis. Problems not otherweeee 
identified in earlier studies were discusseq aire 
determine the validity of those issues. Alternatives 


for problem resolution were also discussed in order to 


evaluate the feasibility of proposed corrective acttem 
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V. ANALYSIS AND DISCUSSION 


A. OVERVIEW 

Between fiscal years 1983 and 1987, the total value 
See inventory at the eight naval shipyards increased 
ew eoecreent, from $518.7 million to $614 million. 
Direct Material Inventory (DMI) increased 6.5 percent 
Mmaememe>cO/.5 million to $285 million), Shop Stores 
Inventory increased 12.05 percent (from $200.8 million 
to $225 million) and Unassigned Direct Material (UDM) 
Inventory increased 106.35 percent (from $50.4 million 
weep 1O4 million). Total inventory actually decreased 
memeepercent between 1985 and 1984, but has steadily 
increased over the past three years. Figure 4 
Swenmstrates tne changes that have occurred in the 
three inventory accounts, as well as total inventory, 
during the five years ending in 1987. 

Total inventory has increased as shipyards have 
made a transition to repair and overhaul work that is 
more Expensive with respect to the material required. 
Porecsaiple, Waval shipyards are now performing the 
majority of the Navy’s submarine overhauls. The 
advanced weapons, navigational and communications 
systems in existence on submarines and other vessels 


Cw e Merc oxpensive repair parts and components. 
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LEGEND: 


@ TOTAL 
5 INVENTORY 
© 
= a SS 
= 
= a DMI 
ww 
x UDM 





FY83 FY84  -FYBS FY86 . FY87 
EST 


source: Naval Sea System Command, August 1987. 
Figure 4. Naval Shipyard Inventory Value, FY83-FY87 


Submarines, slat Saige require material whichis 
tested and inspected extensively prior to acceptance 
and installation. As a result, procurement yaw 
handling costs are greater for those item ia 
addition, the moratorium on the transfer or dispOsSeumaew 
material since mid-1984 has contributed to larger 
inventory levels which is reflected in the large growth 
in the Unassigned Direct Material account., The Nola 
of excess material for more than 24 months atten. 
completion of shipyard availabilities. also in¢heaeee 
total inventory value and has been a major contributor 
to the increase in days inventory on-hand from 2433G27— 
in 1985 toe4 5 Jusdia Vise eel se 

AS a percentage of total shipyard operating costs, 


total inventory has increased from 14 percent to 17.7 
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momeeny DelLween. 1965 and 1987... Operating costs during 


mmmesDerioed Gecreased from $35.795 billion to $3.469 


billion reflecting improved management efforts to 
Sentrol costs. MWOti—rsemborvenas a percent of 
eperating costs Uo ce aves 16h =, five sSyears period is 


presented in Figure 5. 


PERATIN 
a 3,704,955 3,885,312 3,793,453 3,556,974 3,469,064 


TOTAL INVENTORY 
AS “% OF 
OPERATING COSTS 





FY83 FY84 FY85 FY86. : FY87 
EST 


source: Naval Sea Systems Command, August 1987. 


mcmiee 5. Total Iimventory Value as a Percent of 
Woecravcing Costs 

Direct costs, as described in Chapter I, consist of 
Piece material andedirect labor components. In 1983, 
Gimect material charged to customers was 532 percent of 
direct cost, whereas by 1987, this ratio had decreased 
io. 2oeiercent .Of ddreGitmcost. This downward trend is 
the result of two major factors: (1) the implementation 
of procedures for material requirements determination 
Which utilize historical usage data, when available, 


aveemee) teem sourcinge of inereasing numbers of material 
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requirements =e assets ~ in the Unassigned Direct 
Material account and to potential excess assets in the 
Direct Material “inventory Gaceeunt. Both of these 
actions reduce the investment ara inventory and 
ultimately reduce the costs passed on to the custome 
During this period, direct material charged per dived. 
manhour decreased from $7.00 to $6.@®@, while direct 
labor costs have decreased due to increased management 
effort to reduce costs in order to remain competitive 
With privatemenipyarde: 

Material rejection rates have decreased from 12.2 


percent of total material ordered in 1983 to 171.1 


percent in 1987. This decrease is an indication of 
inereased | ut iii wa i aivem of reliable vendors in the 
purchase ovat material, amae il woycls wee more stringent 


evaluation, prior to contract award, of an individual 
vendor’s ability to satisfy material requirements. For 
example, 8Q percent of the paint purchased by 
Charleston Naval Shipyard (CNSYD) during ae recent 
period was rejected due to the failure to conform to 
military standards for shipbe@ard” se, Appropriate 
action was taken to ensure that vendors selected for 
future procurements could provide materials that meet 
military standards, and vendors unable to meet these 
Standards were excluded from award consideration. In 


addition, technical data used to identify material for 
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procurement has improved such that procurement sources 
are better able to respond to procurement requests. 

Shipyards have taken positive steps to improve 
inventory accuracy as demonstrated by the following 
data obtained from Charleston Naval Shipyard. 

During fiscal year 1987, the Internal Review Office 
at Charleston Naval Shipyard verified the accuracy of 
the DMI and UDM accounts utilizing statistical sampling 
techniques. The DMI account was found to have an 
accuracy rate of 99.3 percent and the UDM account had 
an accuracy rate of 99.4 percent. The error rate of 
this sample was plus or minus 3 percent at a confidence 
level of 95 percent. The Internal Review Office did 
not verify the accuracy of the Shop Stores Inventory; 
however, Charleston uses a combination of inventory 
physical count systems to ensure the accuracy of this 
inventory account. The Supply Department performs a 
Statistical random sample inventory of each storeroom 
during the first month of each quarter and utilizes the 
Penalty Cost Model daily during the second and third 
months of Seach™ q@ar ter . Wall-to-wall storeroom 
inventories are performed only if the results of random 
sample inventories indicate that such action is 
warranted. 

The Penalty Cost Model was developed by the Naval 


Supply Systems Command (NAVSUP ) and has been 
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implemented at the naval shipyards for management of 
the Shop Stores Inventory account. This model utilizes 
data produced through routine transactions to determine 
economic order quantities and reorder points for oie 
individual material items. Those items with high issue 
frequencies or high unit costs are then automatical, 


selected for physical inventory at predetermined times 


(i.e., 3@ or 60 days) prior to the computed reorder 
point. This ensures that physical inventory counteeaw, 
inventory records are accurate prior to reorder. Such 


action prevents unnecessary investments in “Snvemgen, 
when overages exist, and ensures that sufficient 
material is ordered to prevent production delays due to 
shortages. In addition, spot checks of Shop Stomez 
Wiese Bie routinely performed based on computer 
generated notices when a transaction mismatch occurs, 
or based on requests from individuals responsible for 
inventory management. The Penalty Cost Model, although 
it places less emphasis on day-to-day inventory 
accuracy than other inventory methods, has» Deeniiaaea 
primarily in order to minimize the costs associated 
with periodic phys#cal inventomaies.: However, its use 
results in exceptionally low overall inventory acG@uiiaw, 
rates because only those items requiring reorder are 


inventoried on a routine basis. 
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The overall accuracy of Charleston’s Shop Stores 
@ecount was 69 percent at the S106, Gat 1987, a 
significant improvement compared to the 5@ percent 
accuracy rate experienced dmnasnge 1986. This 
improvement results from increased management attention 
Mitieetbhe initiation of corrective action regarding 
previously identified Shop Stores Inventory problems. 
For example, to improve the flow of issue documents, a 
locked box system was installed throughout various 
warehouse issue points for the deposit of issue 
documents by warehouse personnel. These documents are 
Peerodicalily —~collected by. designated personnel and 
delivered to individuals responsible for updating 
mien tcOry records. ims sSvotemenmas resulted ina 
feenreasec in the number of lbost issue documents, and has 
contributed to increased inventory accuracy. 

In February 1988, the Commander, Naval Sea Systems 
Command issued revised inventory management policies 
for implementation at naval shipyards [Ref. 17]. These 
changes were issued in response to the problems 
identified by the GAO and Coopers & Lybrand studies, 
and will eventually be incorporated in NAVSEAINST 
7600.27, "The Navy Industrial Fund Financial Management 
systems and Procedures Manual". 

This directive requires that shipyards establish 


material handling procedures and methods which will 
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reduce existing inventory inaccuracies. Internal 
controls for the documentation ‘ef material Prom wWinewes 
receipt to storage, and from storage to issue are to be 
included. All transactions must be recorded in the wy 
systen, as much as possible, by the shipyard 
department/division accountable for the material. 
Ninety-five percent of the material not subject to 
formal quality assurance inspections must be processed 
to storage location, or to the customer (for direct- 
turnover material), within three working days from time 
of receipt. Individual shipyards are responsible to 
determine the adequacy of -programs developed. 

Shipyards are also required to establish programs 
15) ALJico ur oniaey as well as maintain, inventory accuracy. 
Included are specific performance goals for the) Uiiee 
inventory accounts. Inventory accuracy for the@eaep 
Stores account must equal or exceed 75 percen uaa 
fiscal year 1988, 85 percent in fiscal year 1989 and 9@ 
percent in fiscal year 1990. Both the DMI and UDM 
accounts must have inventory accuracies of at least 990 
percent in fiscal year 1988, 95 percent in fiscal@yvea. 
1989 and 98 percent in fiscal year 1990. All inventory 
accounts must have location accuracies of at leaaiiaa 
percent. Specific performance toward the accomplishment 
of these goals must be reported semi-annually, in 


writing, the the Shipyard Commander, Comptroller 
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pupplye Officer, Preguct 1 on Officer and Planning 
wii Ccer . Physical inventories are required as 
indicated in Chapter Il. 

epecitwc pelicy sehanges for the management of 
Merect Material Inventory, Shop Stores Inventory and 
Unassigned Direct Material Inventory are addressed in 


mae Dollowing sections. 


B. DIRECT MATERIAL INVENTORY 

Sr seuesccd ia Chapter Il; the Direct Material 
Inventory account consists of all material obtained to 
maeport Specific customer overhaul or repair work. 
This material is frequently placed on order 12 to 18 
months prior to the start of overhaul, and is often 
received and placed in inventory as early as two years 
eeeor to the time that the material is actually 
required. This system was designed to eliminate 
overhaul and repair delays caused by lack of material. 
The GAO discovered, however, that this system usually 
Beemilted in the ordering of large amounts of excess 
material, primarily because historical usage data was 
mMOt routinely considered when determining material 
requirements [Ref. 12: p. 9]. Schedule delays are 
actually avoided by the shifting of smaller jobs within 
the overall work SUruUctune.., combined With the 


Sxpeaitim2e Of material and the use of overtime labor. 
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The costs of these alternatives “are potentially, =. 
depending on the ‘extent “to whteh they are?" aseu. 

Revised NAVSEA policy requires that material "...be 
ordered to be on-hand in swifiecient Sime tO SUpper tame 
industrial process...o (Ret laa pane While this 
policy eliminates the requirement to have all required 
material on-hand prior to the “Start of shipyard 
availabilities, it does not prevent material from Bemme 
ordered and received well in advance of the "date 
actually required. To minimize the investmemiaaaeam 
inventory, and in the absence of further guidance from 
NAVSEA, individual shipyards should develop procedures 
which will ensure that material is not received iam 
advance of the date that the material is actually 
required. Because material delivery times cannot be 
controlled absolutely, and because individual jobs @migeg 
often be shifted to prevent overall schedule delays 
(due to the non-availability of material), orders 
should arrive no earlier than 3@ days prior to the atm 
actually required. 

Current policies also require that excess Matera 
remain in the DMI account, assigned to specific Situs 
until the end of maintenance periods. However, atu. 
completion Of individ oe orders, material 
identified as "DMI Category Four" indicating thaueeee 


material is no longer required for production supp@iaa 
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Such action makes material available for other current 
or future DMI requirements and permits the cancellation 
em OutStanding orders for identical material. This 
Mabverial is also available to other activities as 
needed. The DMI account remains inflated, however, 
because material that is no longer required remains in 
mae account. This material should be returned to 
system stock or transferred to the UDM account in order 
to increase its visibility as excess. 

To further reduce the investment in Direct Material 
Maventory, historical usage data must be considered 
maor tO the preparation of material requests. This 
action is now being performed at individual shipyards 
for those items for which historical usage data is 
available. DMI has continued to increase primarily 
because material is purchased well in advance of 


scheduled start of overhaul dates and is retained in 


the DMI account until overhaul completion. fives trend 
could be reversed by ordering material based on 
mraavidual job order start dates when historical 


procurement leadtimes are known, and by fully releasing 
material at the completion of individual job orders. 
In those instances where historical procurement 
leadtimes are not available, Navy stock point average 
turnaround times (for specific classes of material) 


could be obtained and utilized as estimated shipyard 
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procurement leadtimes. , Material shoula@sbe Voudercaea as 
direct delivery to requiring shops whenever possi blewne 
reduce both handling and storage costs. 

In order to evaluate material planning, orders 
and usage, NAVSEA now requires that the amount of 
unused DMI material be evaluated at the end of each 
Shipyard availability. A goal to remain at less than 
ten percent unused DMI material has been established, 
and is calculated to include all material on-hanwaia. 
due-in to support the availability. Results must be 
reported to the Shipyard Commander, Supply Officer, 
Production Officer vasa Planning Oieiaikecie Corrective 
action is required in order that improvement ay. 
experienced during future availabilities. While this 
is an excellent start for monitoring invenG@em 
management performance, additional performance goals 
should be established for the percentage of high- 
Draor ity. requasaiaons= submitted due to improper 
requirements determination. Managers should be 
evaluated, in part, based on the ability to achieve 
thesececoalse Penalties should be imposed when these 


goals are not consistently met. 


C. SHOP STORES INVENTORY 
The Shop Stores Inventory consists of commonly used 
material that is stocked based on previous dei 


safety stock requirements and expected production 
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and/or planning department requirements. es ctee oun t 
Gomesists mostly of standard-stock government material. 
Non-standard material is stocked only when standard- 
stock material does not exist or fails to meet shipyard 
industrial requirements. Fast-moving, low-value items 
are pre-expended subject to locally established dollar 
value ceilings. 

Safety stock (including insurance items) is limited 
Pane )6LdNDMUM SqQuantityoerequired to »prevent work 
Eeeppafes and to support emergency situations. Reorder 
Mmemetbs 6 «6©and «Sorder «quantities for insurance items are 
determined based on experienced judgment and are set to 
Sere vVe secOnomic order quantity replenishment, one- 
for-one replenishment or zZero-balance replenishment 
mer. 17s p. 2]. 

Matvwawe! itTtems are “established as démand—based 
Waeme at Least two demands have been experienced ina 12 
month period, and are maintained as demand-based if at 
tees One demand has been experienced in the previous 
Sees months. Reorder points and order quantities are 
computed automatically every month based on economic 
Ge@er duantity models. Ref. 17: p. 1] High dollar 
value and high quantity limits are established locally 
fomcitoure the review of selected orders prior to final 


document submission. 
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Although the Shop stores Inventory account 742 
increased 12.05 percent over the past five years, em 
majority of this growth occurred during 1983 and 1984 
as shipyards experienced a change in the type of Were 
performed. This growth has stabilized primarily as the 
result of increased upper-management effort toward 
reducing the size ot this inventory accouiin 
Requirements have been re-evaluated in recent years and 
material excess to requirements has been transferred oF 
disposed of. The value of this account will Yrem@aa® 
excessively high, however, as a ries ult of the 
requirement to retain material in the Shop St@mee 
account, as demand-based, when only one demand in 36 
months is experienced. A criterion such as one demand 
within the previous 12 months would reduce the aa 
retained as demand-based and would significantly reduce 
the value of the Shop Stores Inventory acecoun:. 

Shop Stores material is classified as excess based 
on several criteria, depending on the sub-category of 
the material. Demand-based items are considered excem, 
when tite On hard quantity exceeds the shipyawd 
requisitioning objective plus 24 months demand. Items 
are considered inactive when no demand has been 
experienced within the previous 36 months. Insurance 
items are reviewed every two years to evaluate the 


future need for the material, and processed as excess 
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macerral it 126 1S “determined that the material is no 
Domaer required. Excesses are disposed of, transferred 
fomeepne UDM account or retained in the Shop Stores 
account at the discretion of shipyard management. 
Shop Stores excess and inactive items must be made 
available to other activities, but not necessarily 
ieamusnerred to the UDM account. [Ref. 17: p. 7] Atl 
Shop Stores excess should be transferred to the UDM 
aeeount, however, Li orderam to redwieee@the vaerluceef ‘the 
Shop Stores Inventory account as well as increase the 
visibility of this excess material. 

The revised NAVSEA policies have established both 
stock turn and service level goals for material in the 
SaepeoLores account. Non-NIF material, material not- 
memay 1 Or-issue and insurance items are not included in 
the stock turn calculations. Goals for stock turn have 
been established as 1.@ times for fiscal year 1988 and 
1b times for fiscal year 1989. SGGKG ss GUY aaa 
calculations are reported to the Supply Officer 
quarterly. [Ref. 17: p. 8] Such goals will ensure that 
managers devote effort toward the identification and 
meansier Of excess Shop Stores material. 

Service lewel is defined as the percentage of 
stocked requirements that are satisfied upon initial 
bequest, amd are @etermimed by computing the percentage 


of zero-balance items versus the total number of items 


Om 


in the Shop stores account. Items ordered forthe 
first time that have zero balances are include@ inthe 
cakomibatsen< Existing goals are to equal or exceed 97 
percent when new items are ese luded from the 


computation, and to equal or exceed 95 percent when new 


items are included. The revised policies also require 
that high-demand, zero-balance items be reviewed for 
possible expediting action. Shop Stores service levels 


are computed monthly. [Ref. 17: p. 9] 

Because most items carried in the Shop Stores 
Inventory account are stock numbered, and because seven 
of the eight naval shipyards are located near Naval 
Supply Centers, shipyards should place increased 
reliance on the supply system for backup stocks. 
Safety stocks could therefore be decreased, reducing 
the overall investment in the Shop Stores account. 
Established service goals could still be met throm 
the existence of cycle stocks maintained on the basis 
of demand and properly computed reorder quanti gas 
Such a philosophy should not be used at Portsmouth 
Naval Shipyard, however, due to its distance froma 


supply center. 


D. UNASSIGNED DIRECT MATERIAL INVENTORY 
The Unassigned Direct Material Inventory account 
consists of unused material previously assigned to the 


DMI account, Shop Stores material evaluated as excess 
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miter ements “ana Uunusead material returned ™from 
preauction shops. Material ais transferred to the UDM 
account from DMI at the completion of shipyard 
availabilities and is retained for a maximum of 24 
months based on expected future requirements for that 
material. At the end of this period, material is 
returned to system stock or otherwise disposed of 
unless expected future requirements exist for the 
material. Material may also be retained for extended 
Berieds based on ~direction from NAVSEA or when 
management considers it unwise to transfer the material 
a.eos)6the6CUd ittem€6Uis™ ™ Higeh=cost or unique to shipyard 
m7euwstrial use). Material for particular ship-types is 
transferred to other shipyards when™ the “holding 
Shipyard no longer has use for the material and the 
receiving “shipyard has responsibility for work which 
requires that material. Material is transferred to the 
mm or Sshop Stores accounts when a need is identified 
im C€lther of those inventory accounts. 

In 1983, the Unassigned Direct Material (UDM) 
account was valued at $50.4 million and was 9.72 
percent of total shipyard inventories. By the end of 
1987, “this inventory account had increased to $104 
million and was 16.94 percent of total shipyard 
PnVENberies. The sdramattwe ssrowteh ts thas inventory 


aecouMmmmese en ODViOCUS Sindicatwon that a@epolicy did not 
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exist .to ensure, the,timely transfepacradiapecal sen 
material from this account. 

NAVSEA’s revised inventory management polverer. 
require that individual shipyards establmish seals ian 
the percentage of UDM utilized. This quarterly Yaiweae 
is determined by dividing the »value of transteme 
(excluding disposal actions and returns to the supply 
system) by the average monthly value of the UDM account 
for the quarter. Monthly reports are also requiied 
that indicate the current UDM balance as well as trends 
in growth or reduction. [Ref. 17: p. 20] Althoughiimies 
aio Talten brings upper -management attention to the 
management of the UDM account, specific goabs ave 
required which are realistic yet provide the incentive 
for the overall reductiom of thispaccoemige 

To increase the visibility of UDM assets, asta 
as to minimize overall. shipyard material \cOStaye 
centralized data bank is being created at Navy Ships 
Parts Control Center (SPCC) which will permit all 
shipyards to source other shipyard UDM accounts prior 
to the initiation of requisition or purchase requewa. 
This system will also provide visibility for shipyard 
material assets throughout the Navy supply system. 

A Ppreocortype system is currently being ~eEwed 
between Pearl Harbor Naval Shipyard and SPCC in order 


to evaluate the system and correct system deficiencies. 


1T@ 


mrs System, to be Known as the Shipyard Material 
Visibility System, will be implemented at the remaining 
shipyards at the completion of system testing, and will 
be updated monthly based on current on-hand UDM 
balances at each shipyard. Macca! i1dembiricatien 
data will exist both for standard and non-standard 
meamerial items. DM Gara inauiriles will be 
Per Lormed manually fOr long-leadtime procurement 
moaeeeous, DUG will be converted to automated ™screening 
of all not-carried requests (above an established 
dollar value) once system reliability is verified. 
Before transfers oi material take place, 
maavidual. shipyards must weigh the cost to transfer 
material between shipyards against the costs to obtain 
material through purchase actions. Material should be 
mmansierred to requiring shipyards in all instances 
maere the transfer cost is less than the purchase cost 
of new material. FUremaSsemmcoscu.) gme=udes the dollar 
Geac Of the material as well as the costs associated 
meaetbn preparing and processing material orders. When 
the transfer price of the material is the same as the 
new material purchase price, the decision to transfer 
the material is based on a comparision of transfer 
Sesus and™=ordering costs. As a result, individual 
shipyards may decide to purchase material when assets 


eaest cat other shipyards. ie tKemuece «The overall 
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investment in inventory, NAVSEA should establish 
policies to ensure that existing assets (valued above a 
specified dollar value) are utilized before additional 
purchases are made. The costs of potential delays due 
to the non-availability of material must also be 
considered in the s«@ecision to either transite ieee 
purchase material. 

When evaluating the decision to dispose of material 
that is excess to expected future shipyard nects, =a 
cost to move that material should be compared to the 
cost of maintaining that material. In all instances 
Where the cost to move is less than the cost to 


maintain (except as noted below), the material should 


béemereturned to system stock or disposed of, ae 
appropriate. When the cost to move is greater than the 
cost to maintain, the material should be retained. The 


operating costs of maintaining material in inventory 


should danclude the followingsgecempoencniee 


ile Cost of taking physical inventories. 


ae Cost of inventory records, including dup ite. 
locator systems. 


Cost of duplicate bin scat wens. 
Costs due to loss of space consolidation. 
Costs dueeto loss of freight cons@lidation- 


Cost of shelf-life surveys. 


JI nA WwW FF WW 


The differential in estimated second destination 
transportation costs] tac. 


Mee 


oe The differential between costs of commercial 
Storage sites or commercial versus government- 
owned storage sites, if applicable. 


PeeeOuner additional scosts, aff any. ier. 1Ssepees] 


Because of the long-term impact of these factors, it is 
assumed that all obsolete material will be either 
returned to system stock or disposed of. =pecial 
Bomsiacration should be given to the inventory items 
described below before a decision is made to transfer 


the material. 


1. Items managed with a high degree of intensity 
(i.e., high-cost, special manufacture or long 
leadtime items). 

ag Shelf-life or deteriorative items. 

3. Bulky items or items requiring special handling 


or transportation. 


4. Items for which tactical, strategic, or national 
emergency dictates overriding considerations. 


5. High-demand items where the activity is the sole 
or principal demand source. [Ref. 18: pp. 3-4] 

times Material should be retained or transferred based 
on the experienced judgment of the responsible manager, 
or on the basis of specific decision rules issued by 
Naval Sea Systems Command. =pecific decision rules 
(suen as individual doPlar™ limits) do not currently 
east; but should be eve woepe owe che ear lrest 


Spporveunity. 
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E. OPTIMAL INVENTORY LEVELS 

Given the magnitude of naval shipyard inventoriece 
Managers are concerned with the overall investment in 
inventories and total inventory performance. However, 
most theories addressing inventory management issues 
are concerned with the behavior of individual iGegme 
Although there are currently no funding constrasiaae 
regarding maximum inventory levels at naval shipyards, 
federal budget limitations and increased attenieeg 
concerning Department of Defense and shipyard invémGonr. 
growth make such constraints inevitable in the fUjegieee 
As a result, shipyards must be prepared to ad@me 
inventory models and practices which will OoOptimeze 
customer service through the minamization of the vege. 
of material shortages, subject to investment as well as 
workload constraints. 

Such a model was recently developed by Everett 8. 
Gardner for use at Navy retail stock points [Ref. 19]. 
The purpose of this model is to provide managers with 
trade-off curves which consider the aggregate 
relationships among the number of inventory shortages 
per unit time, a fixed lump-sum investment in iInveniem, 
and stock replenishment workload. The basic premise of 
this model involves the reallocation of »funds#aaem 
safety stocks to cycle stocks while keeping total 


investment constant. Such a model could be adapted for 
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Samp yara use and is especially suited for use in 
Pemooine the Shop Stores Inventory account. 

Pie first step in applying this model to naval 
mEepyoardads is to establish a budget constraint based on 
the average number of months of stock required to 
Sustain shipyard operations. Mees Constraint, altnough 
meread I total dollar amount, becomes flexible through 
THe Variation of safety and cycle stocks. Next, a 
eustomer service goal must be established relative to 
mae number iia ecQUCStES ==that are filled 
immediately at the time of initial customer demand. 
The aim is to satisfy each request completely at the 
time Of initial receipt regardless of the number of 
units demanded. A customer service goal from which 8&5- 
9% percent of demands are filled at the time Of aiaat ial 
meemest would™ be reasonable g@iven budget constraints 
and the availability of back-up stocks within the Navy 
supply system. The problem then becomes one of 
identifying the exchange curve between customer service 
meee reeracring workload at a given fixed investment. 
[Ref. 19: pp. 2-3] 

Gardmer found that using existing inventory models 
for this type of analysis was tedious and subject toa 
large number of trial-and-error calculations with 
respeet to ordering, holding and shortage costs. Such 


problems exist because existing Navy models seek to 
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optimize costs *{6er" sitet. ifvcm-. To “oOvercOne@ria. 
deficiency, a lhLagrangian optimization was formulated 
which would minimize the number of oorequgeat lene 
which material was not available subject to investment 
as well as workload constraints. The Lagrangian 
multipliers corresponding to these Constraints = 
actually imputed marginal cost estimates that, when 
used in existing models, yield the same resuliw 
Exchange curves are developed by solving the modei@ien 
a range of workload constraints at a fixed investment 
COMStra Lint. The appropriate investment in safety ’eteen 


is found at the point where the customer service 


is achieved at the minimum number of orders. [Ref. 19: 
pp. 3-4] 

Onice LIME appropriate safety stock level 
determined, the Lagrangian multipliers are used to 


determine new cost variables yielding the appropraa. 
safety stock in the existing inventory model. During 
the first year after this model was implemented at the 
eight Naval Supply Centers, an overall reduction of 
20.24 percent in material reorders (from 849,900 to 
670,9®® orders per year) was experienced, at a cost 
savings of about $2 million. Customer service and 
inventory investment remained constant. [Ref. 19: p. 


an This model should be evaluated by qualified 


Cs 


personnel for use at naval Shipyards in the 
determination of Shop Stores inventory levels. 


Memos t obvious Saetron ©for the optimization of 


Direct Material Inventory (DMI) rs the use of 
historical usage data, whenever possible, in the 
Getermination of material requirements. much actiron 


minimizes the amount of material that is ordered and 
peeaecad in inventory but never used. Since the material 
ordered and placed in the DMI account is requisitioned 
based on relatively unique requirements, inventory 
models such as previously discussed do not apply. 
Several alternatives do exist, however, which will 
@eauece the overall investment in the DMI account. 

Once work packages are written and the actual 
material requirements are determined based on available 
historical usage data, material should be sourced to 
existing shipyard assets in the Shop Sore Siaeor 
Unassigned Direct Material accounts. For the most 
Pert, this action is already being effectively 
performed. Shipyards have also begun to source 
Miorom@alalmexcess from the DML account. Material which 
cannot be sourced to existing assets should then be 
segregated imact, © standard stock @National Stock 
Numbered) and non-standard stock categories. Utilizing 
average turnaround times available in the Material 


Management application of the shipyard management 
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information system, standard stock requirements should 
be matched against job order start daties “and 
requisitioned such that the material will arrive juss 
priconmeto the staiet Ofmmerk-: This practice has been 
extremely successful throughout industry in rec@eme 
years ~under the name. of "just-in-time" .inventoenmm 
management. It should be noted, however, that 
historical turnaround times do not exist for aua 
Shipyard material requirements because not all standard 
stock requisitions are repetitive procurement actions. 
As a result, "just-in-time" procurement is not poss@ane 
for these items. If possible, average procurement 
leadtimes for each item in this category should be 
obtained from Navy stock points and utilized aaa 
determine best estimates of procurement leadtimes for 
shipyard requirements. This would permit the@i@eaw 
accurate application of "just-in-time" procurement. 
non-repetitive standard steckh equi ener. 

The requisitioning of non-standard material 
presents several compl]Weations wheiteh , in effect, 
require that this material be requisitioned fama, 
advance of the time that the material is actually 
required. This material normally must be procured 
under purchase contracts which eften require up tee 
months of administrative leadtime, followed by a 


variable amount of production leéeadtime, bDeroremame 
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Material is ultimately shipped to the requistioner. 
ne MemOme , long—leoadtinesmatcrial must ™be procured far 
in advance of other categories of material because of 
meventuma! Shipyard production delays resulting from the 
Mmonm—-availability of this material. The need Vo "Start 
the procurement process well in advance of the actual 
Material need date must be weighed against the cost of 
Meornwee the material for extended periods in the event 
mam Material is receayved far in wadvance,.of the date 
actually required. Estimates of administrative 
leadtimes for procurement of identical or similar items 
should be considered as much as possible in determining 
tae timing for the submission of procurement requests 
—mmong@er CLO minimize #hes length of #imes thatematerzal 
feel be held prior to use. 

[he application of "just-in-time" inventory methods 
assumes that extensive control over suppliers exists 
such that material delivery dates are assured. Such 


guarantees are not always possible under existing Navy 


procurement methods, and as aresult "just-in-time" 
methods are seldom applied to non-standard 
EeocuireMnents . Where pessibple; shipyards should 


Seetablish bong-term relationships with vendors for 
"just-in-time" delivery OF purchased material. 
Pewee rial Coudwd be delivered in the minimum quantities 


iiieusdno Support production just prror to the times 


Fi, 


actually needed, even though the purchase contrac. 
specifies a larger quantity over an extended period of 
time. The additional costs of receipt processie 
experienced under this philosophy should be» compar came 
the expected savings from decreased inventory carrying 
costs before such agreements are made. Competitive 
purchasing could still occur by dividing business among 
several firms based on each firm’s performance in 
meeting "7yust-in-time" Yequirenermts: 

The administrative leadtimes required to procure 


material have increased in recent years primarily asa 


resmit>="or congressional initiatives to increase 
competition and support small or minority-owned 
businesses. Although this policy is good fora 
economy as a whole, longer leadtimes result in larger 


inventory investments to support maintenance during. 
longer procurement  leadtime™ This situation will 
remain somewhat troublesome for purchasing activities 
as well as for shipyards until circumstances permit the 
relaxation Or existing purchasing requirements. 
Because sat; is in the public interest tow 
competitive procurements as well as to support small 
and minority-owned businesses, this situation ise 
expected to change in the foreseeable future. 

Goldratt and Fox [Ref. 20] have shown that a igen 


correlation exists between short leadtimes and high 


8@ 


(ier ercyeasmaterial. Shorter leadtimes are associated 
with the production of smaller, more frequent batches 
of material which are quality inspected earlier and 
more often than are single, large batches. The ator | aetay 
to inspect material more frequently permits the early 
@isecovery and» correction of production errors and 
meri DbuLes to enhanced product quality over time. 
[Ref. 2@: p. 65] Because product quality improves, 
“ep yaras “ana purchasing “activitres should purchase 
large total quantities of material to be delivered in 
smaller lot-sizes at periodic intervals. Such action 
foie also reduce inventory carrying costs. ilver tle! Ilatagay 
mem esatisiy requimed leadtames at reasonable product 
Gost should be a major criterion for vendor selection. 
The importance of shorter leadtimes in the optimal 
Pemeauling*’of purchase orderswei’s discussed in more 
detail by Ronen and Trietsch [Ref. 21]. 

Imaesting government procurement reguabations wand 
Bmeeceecocures present several other. difficulties which 
impair lav procurement of non-standard material. 
Material descriptions for shipyard purchases’ are 
normally limited to general performance specifications, 
and cannot specify features that are unique toa 
particular brand of material. Sole-source procurements 
eeeeprohibwted wnless' it can be «demonstrated that the 


Zmeoconnema@ecd source si tite emily shirm capabdse of 
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producing the required end-item. In” additirene 
competitive bidding must be™ used” forall purchases 
exceeding an extended value of $25,000. These actions 
are intended to enhance competition as well as ensure 
that the maximum number of firms are being awarded 
government contracts. However, these regulations 
frequently result in the recéipt of material wie 
requires rework or “alteration pr tor. ic. la 

To ensure the receipt of the proper material as 
well as to minimize the amount of rework required prior 
to installation, procurement ~regulations ~*~shnoulaaaee 
revised to permit the specification of form, fie 
Tumactions ands if available, the manufacturer’s make, 
model and part number. Sole-source procurement shou 
also be permitted for critical or highly techie: 
repair parts, when experience reveals that a single 
firm is the only source capable or providing eaae 
required material and when a single supplier has 
demonstrated superior leadtime performance. 

Purchase requests, particularly those which contain 
extensive descriptions or instructions, are often 


delayed because of the time required to process such 


reques@a Procurement personnel are evaluated based on 
the number of procurement requests processed, and 
individuals frequently set aside difficult, ties 


consuming procurements in order to meet established 
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performance quotas. Material requescs  CoOmealnwnis 
detailed descriptions are often processed only after 
they are brought to the attention of management, 
mesubting in ost management time, longer procurement 
leadtimes, higher material costs and late material 
emrival. Pertormenee SMeacures —snould be révised to 
include allowances for the longer times required to 
Pmecess complex purchase requests. 

The cost of purchase actions can be reduced through 
the delay of purchases for small quantities of an item 
timer! such timesthat a larger quantity can be procured. 
This assumes that sufficient stock exists to meet 
customer demand during the procurement period and 
applies to joint purchases among shipyards as well as 
purchases of DMI material (for several ships) within 
Single shipyards. Manufacturers and supp lsne rms 


mm@eqguentiy grant price breaks for larger quantities due 


tem the abblity to minimize costs ChOb ap el -aume a-B ar 2a —8 a 
pmeeagwction runs. The grouping of requirements is best 
performed at the material planning level, where the 


ability exists to control document flow and determine 
when entire quantities have been identified. 

An alternative for the appl Gat ion om thts 
philosophy is to analyze historical usage data for 
Single line items on one or more ships, and then 


generate bulk orders for future shipyard requirements. 
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Material would ole be arvocaved Ce various 
requirement Sup oner cee nT - 

The delay of purchases to achieve cost savings nas 
be weighed against the potential negative smpactien 
mission accomplishment, and procurement actions 
prioritized in order to minimize. mission degredatieue 


Cost savings resulting from quantity discount buysimgee 


also be weighed against such costs as increased 
investment costs, additional storage requirements, 
increased manual procurement workloads, increased 
administrative leadtimes, potential contract 
termination costs, potential excess or long supe 


inventory and shelf-life considerations. 

Consideration should also be given to consolidating 
purchase actions among several shipyards in order to 
achieve purchase cost savings for high-cost, COnmeims 
used items. Consolidated purchases should be made for 
all orders exceeding an established dollar value, for 
example all non-standard procurements exceeding $5,00@. 

Major candidates for joint procurement” ineude 
quantities of plate steel, bar stock and special 
categories of material such as smoke-free electrical 
cabling or other material subjected to unique qualivy 
assurance requirements. Large lot-size purchases of 
quality assurance material are particularly well suited 


for...this .ty¥DpDex Of proemrecmenia and additional cost 
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foavimes Could be realized during the receipt inspection 
aad vesting »*et barge groups of»items. 

The consolidation of purchases such that a single 
BPurehnase is made for all-»shipyards would possibly 
result in even higher distribution costs, however, and 
should not be attempted unless the savings are certain 
mmexceocd tChe™cost of material shipment. Consolidation 
of purchases among shipyards should therefore be 
Parca FCoeeshipyards™ located»sin »~close proximity to 
other shipyards (i.e., Puget Sound, Mare Island and 
Long Beach Naval Shipyards on the west coast and 
Portsmouth, Philadelphia, Norfolk and Charleston Naval 
Shipyards on the east coast). 

Pear Harber @Nawaleshi*pyard "showld be imrelbuded™in 
west coast shipyard procurements only when material for 
waat shipyard is @typileelly S@obtained eirem outside 
Hawaii, ore when Sethe savings gained CxXcecd aii. 
imealsportatiom costs required for delivery to Hawaii. 

ied 1 eicsnOrlCalws pDURrehase data from each 
shipyard could be obtained from the MM system and 
consolidated at centralized procurement agencies on 
each coast. The savings generated through increased 
Santa ty discounts should’ alsowmeexceed the cost of 
ftiordinem=onie larger quantitwes of material. 

As previously addressed, the cost of holdtme 


material is estimated to be 23 percent of the total 


Ss 


value of inventory held. mm order to m¥mimiz this 
cost, as well as the dollar investment in invenptonw.s 
excess material should be Kept to a minimum. In this 
regard, material in the Unassigned Direct Material 
(UDM) account should be limited to material for which a 
future need can reasonably be determined. The decis#aien 
to transfer material from this account should be 
evaluated considering the cost to hold and ordesz 
material as well as the potential costs incurred by not 
having the material when needed. Material shoud Ge 
returned to system stock to afford its use for other 
purposes, or transferred to the Defense Property 
Disposal Office (DPDO) in order that the government can 
recoup at least a portion of the material value through 
periedie sales. 

It should be noted that, on average, shipyards 
typically receive credit for only 23 percent Of Fume 
value of material items returned to system stock. This 
occurs because excess assets (on-hand plus on-order ) 
often exist in the Navy supply system, “and CURE: 
Naval Supply Systems Command policy awards credit only 
for those assets turned-in which are in short supply. 
This policy is currently being evaluated at NAVSUP, and 
future action is expected which will resu le aaa 


increased credit for assets turned-in. 
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CU euvewmmall “stock returns in excess of "$2,500 
per line item are being reviewed, and credit given when 
maawarded procurmement contracts exist for those line 
inaems. AS awreswlt of this sitwation, it «as often 
advantageous from the shipyards’ standpoint to retain 
material in the UDM account even though there is only a 
Slight possibility that the material will be used in 
fee tubure. NAVSUP should ensure that material returns 
are consistently reviewed, and provaide suffacient 
incentives for shipyards to return excess material. 
Zen imcentives, could include thew distribution of 
Shipyard excesses to non-Navy stock points. NAVSUP 
Should also periodically screen the Shipyard Material 
mecetDbi lity System to identify shipyard excesses which 
Soumrd be utilized by the supply system. 

To coordinate the totalmmaterialemanagement effort, 
shipyards should establish an organization to manage 
the material planning and ordering functions under the 
control of a single responsible individual. J ovale: 
organization would be responsible for the overall 
investment in inventory and would monitor the planning 
of material requirements based on overall work 
schedubes. Comprehensive knowledge of material 
requirements based on overall work schedules would 
permit the reallocation of material from existing 


ascecwcmvOmSGUDPPOrt “current job orders, preventing the 


or 


need to requisition and “expedite the “delivery, son 
material which “exists in "Stock™but "Fs desienated 7. 
other jobs. Additional material, when required, would 
then be requisitioned on a routine basis to arrive 
Dror ““FoOPsyow order Start dates for follow-on 
availabilities. By uSing existing assets, material 
inventories would be reduced through the minimizZaGaeg 
of additional investments for material items” tie 
currently exist "in Gstock. Additional cost savings 
would also be realized through fewer expediting acumen 
and smaller numbers of high-priority requisitions. 

Such an organization was recommended by Coopers & 
Lybrand to contain specific branches and sections with 
specific functions, as listed below: 

1. Master Scheduling. Long range ship availabiijg, 
scheduling and workload forecasting. 

2. Detailed Scheduling. Preparation of the De Gaim 
Production Schedule which serves as the basilsiien 
establishing action dates for plan issue, long 


leadtime material ordering, regular materia 
ordering” and job or dere s suc 


5. Availability Planning Branch. ‘Ship availabe 
work package formulation and control.... 


4. specification Section: The preparation of job 
order specification and craft manhour allowances. 

5. Material Ordering Section. The identificagwen 
and ordering of all required material frome 
documents prepared by the specifica vien 
See t tOnmewr tr. 

6. Material Division. All productive work Matera 
support functions of the Supply Department within 
the shipyard, Lees material procur enema, 
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Spectr rene receipe control, inventory control, 


warehousing and distribution. [Ref. 16: p. MM- 

8] 
Coopers & Lybrand recommended that elas 
organization be consolidated under the shipyard 
Planning Officer, similar to existing organizations at 


the Type Commander level which combine engineering and 
supply under a Single Assistant Chief of Staff. 
meweVer, this consolidation could also occur under the 
shipyard Supply Officer, as was implemented at Pearl 
Marpbpor Naval Shipyard in late 1985 Beef. “22: p. 48ae 
The Pearl Harbor organization, called the Logistic 
Support Center, serves as the data base manager for Job 
Material Lists and centrally manages advance material 
planning and ordering. lis fLunervons include obtaining 
and maintaining Stiaeent material planning data, 
determining material requirements for authorized work 
and Providing complete and accurate data for 
requisitioning material. The following specific 


functions are assigned to the Logistic Support Center: 


1. Updating the automated Job Material List system. 


2. Determining and ordering advance material 
requirements for authorized work and new work for 
ships already in availability. 


3. Making recommendations ior "make-or-buy" 
decisions. 

4. Ensuring the timely ordering of material in 
accordance with published plans and ordering 
schedules. 


Se 


5. Researching and providing conp Wetpema mateo oe. 
data for sourcing against locally available 
assets, requisitioning of standard stock materiau 
and non-standard procurement actions. 

6. Reviewing and resolving NtHon-engineering tee 
technical issues including cost on referrals from 
local purchase actions. [Ref. 22: p. 48] 

Production department personnel should also havewga 
greater role in shipyard inventory management. As the 
primary user of shipyard material, the production 


department can identify potential support problems amg 


enhance material management efforts through the timely 


returme of unused material. Production shops should 
routinely monitor material status to ensure Sale 
requir c Gy eemicnic ralecal is ré@ceived s»prior to the (gaa 
actually required. When problems are identificd aaa. 


supply department should be notified that expediias 
action 1S necessary. This early notification yim 
serve 1S: minimize the number of high-priGra, 
requisitions or special material shipments required 
ensure timely mawerial delivers 

Ensuring that all required material is on-hand 
prior to job order start would also minimize the number 
of schedule delays or adjustments needed due to lack of 
material. Production shops should also ensure thatyam 
material issued to job orders, »but unused, iS *rTreturaee 
tO wes tock as soon as possible after job Omer 


completion. Excess material should not remain in 


9@ 


production shops more than 30 days after job order 
closure. Supervisors should be held responsible to 
ensure that unused material is returned to stock ina 
timely manner. Remaogic spotw checks of material in 
Production shops should be performed by an independent 
party (i.e., Internal Review Office) to ensure that all 


oer tal is identified to a current job order. 


G. SUMMARY 

Although naval shipyard inventories have continued 
to grow over the past five years, this growth is less 
eeverTre than experienced prior to that time. This 
Change is largely the result of increased management 
eatcention regarding inventory Management issues. 
Historical usage data is utilized, where available, for 
the determination om material requirements, and 
material is being ee Oecurcu based on available 
imeseOorical turnaround times. A major element in the 
Pee btlization of inventory growth has been the 
successful sourcing of material requirements to excess 
meer ial, which restricts additional investments in 
fmiventory. Inventories have continued to grow 
primarily as the result of policies which restricted 
the transfer of material from the Unassigned Direct 
Pemperial account, combined with policies which prevent 
the transfer of excess material from the DMI account at 


nes time Of job order closure. Shipyards are able to 


al 


source requirements to pot@mtial excess material ea 
DMI account only on an exception basis. 

NAVSEA has recently issued a policy statement in an 
effort to correct inventory management deficiencies 
previously identified by GAO and Coopers & Lybrand 
These revised policies establish performance goals @ien 
the percentage of DMI ordered but not used, service 
level and stock turn goals for the Shop Stores 
Inventory and goals for the percentage of UDM utilized. 
The requirement to have 10@ percent of the material 
required to support production prior #o the S Wena 
availabilities was eliminated. Bach shipyard is 
required to develop specific goals and procedures for 
the management of the inventory accounts with the 
overall goal being to improve inventory management. 
otrengths and weaknesses of these policies were 
addressed and recommendations for improvement were 
provided. 

Numerous alternatives remain which would S€r Veni 
reduce the investment in inventories below CUlmaeae 
levels without affecting customer service or produce 
schedules. safety stocks could be reducer 
particularly in the Shop Stores account, g1Venweane 
availablity of material at nearby Navy stock points. 
Direct Material could be purchased based on job Gijge 


Start dates utilizing historical procurement Pbead@iiiee 
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aos vock polmp procurement leadtimes when historical 
data is not available. Existing purchase regulations 
could be altered such that shipyards could specify 
form, fit and function when writing purchase requests. 
The cost of purchase actions could be reduced through 
mmee Quantity discount buys at individual activities 
waeeerouszh “the™consolrdation or purchase “actions among 
Several shipyards. The consolidation of the material 
planning and ormd crn 2 mute bons would provide 
eemoralized management of the investment in inventory 
and would streamline the process of material 
meal location among job orders. ine@aGartion, production 
department personnel should assume a greater role in 
the material management effort by ensuring that 
Material required delivery dates will be met, and by 
Bow uUrPninewunused material to the supply department ina 


slmely manner. 
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VI. SUMMARY AND RECOMMENDATIONS 


A. SUMMARY 

The purpose of this thesis was to identity Wile 
causes of inventory growth at naval shipyards and 
identify possible material procurement and inventemw, 
management alternatives which would serve to reduce the 
future investment in shipyard inventories. Four Dawe 
research questions were considered to achieve sama 
purpose: 

1. What are the contributory elements of shipyawga 
inventory growth aya terms Oe physical 
Quantities as well as cost, and what is the 
financial and managerial impact of this growth? 

2. What is the effectiveness of the current data 
base and management controls over acquisition, 
requisition and disposition @f gimveniorg 

3. What changes in inventory management policies 
could be implemented at naval shipyardewae 
reduce the size of inventories without 
affecting overhaul schedules and support? 

4. Is it cost effective to permit schedule changes 
due to late material arrive 

These questions were answered on the basis of data 
obtained from related background literature, detailed 
analysis of prior studies of shipyard invéniger 


management problems, analysis of current shipyard 


inventory management data and personal (telephone) 
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mcCerviews with individuals responsible for inventory 
Management decisions. 

Material inventories) at naval shipyards have 
miecreased 18.57 percent, from $518.7 million to $614 
million, over the past five years. [iis ee inewease: in 
inventory value is the resunt Ver Dany “factors, 
including increases in the complexity and costs of 
repair parts, the imability to transfer excess 
materials due to restrictive policies and the 
requirement to obtain and hold 1900 percent of the 
material required for an availability prior to the 


start of the availability. Contributing to this growth 


are poorly defined technical data and purchasing 
requirements which prevent requisitioners from 
specifying required procurement sources. Both of these 


Waeever “factors frequently resutt iam the receipt of 
material which is not functional and requires 
substantial rework prior to use. 

A major contributor to this problem is the lack of 
eeoraination between the materials planning and 
ordering functions which are performed by separate 


departments within the shipyard command structure. 


This lack of coordination results in unnecessary 
investments in inventory when identical material 
mimecady cCxxHlistsmeebut is restricted to other usese -These 
problems become more severe as inventory levels 


oS 


continue to increase subject to fiscal Mitta... 
which are necessary in a climate of federal suqe 
deficits and mandatory budget reductions at the 
activity level. 

Inventory growth is not necessarily a problem 
because the complexity and value of ships underzoiuse 
overhaul amd repair ine@rease ovens ui. In fact, some 
inventory growth is to be expected due to the increas 
complexity of repair parts (such as electronic modules) 


as well as inflationary factors which cause the cost of 


material to rise. However, the failure to use accurate 
planning data, including historical material usage 
factors. enhances the investment in invent@enge 


Inventory management in any organization the size and 
scope of naval shipyards will never be perfect, and 
some material shortages and surpluses will always exist 
due to unforeseen maintenance requirements and the 
cancellation of previously scheduled work. 

Revised inventory management policies were issued 
by the Commander, Naval Sea Systems Command in February 
1988 in an effort to correct numerous invéent@en, 
management deficiencies identified by the U.S. General 
Accounting Office and the accounting firm Cooper 
Lybrand. These policies require that shipyards develop 
material handling procedures and methods to reduce 


inventory inaccuracies, and establish internal controls 
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Bocce =aocumentation of material ~from the time of 
aecel pt m@we the time of *issue. 

Shipyards must also establish programs to improve, 
as well as maintain, jivwentory acomracy. Specific 
Maventory accuracy goals for each inventory account 
woecmecstablished to be achieved over the next three 
meowoe Reporting requirements for Wnventory management 
performance were also provided. Arline h =the revised 
policies are a positive first-step toward reducing the 
investment in shipyard inventories, they are deficient 
mo several respects. 

For example, shipyards were not provided sufficient 
Vmrdance regarding the extent to which new methods or 
procedures should be developed, nor were timeframes 
meevided for required implementation. itn Vaated G On , 
Poapyards were directed to establish goals for the 
Mat iZzawion of material in the UM aceount, but were 
Peer ovidedm@specitfic goals Gencemning the extent to 
Meee tnis inventory account should be reduced under 
normal conditions (such as 15 percent reduction per 
year through 1992). Specific strengths and weaknesses 
for these revised policies were addressed and 
recommendations for improvement were provided. 

Many additional changes could be made to existing 
inventory management policies which would reduce the 


size ot inventories without adversely affecting 


Oi 


overhaul schedules and support. As discussed in Wwe 
thesis, overhaul schedules have been met throushaane 
shifting of individual job orders within the overall 
schedule in order to meet specific key events for 
overhaul completion. Because these recommendations are 
expected to increase material availability through Were 
accurate requirements determination, the need to 
reschedule individual job order completion dates should 
decrease. However, the potential to shift job orders 
due to lack of material would always exist, and 
conditions for overhaul completion would be no worse 
than under existing policies. The ability to delay 
overhaul schedules due te lack ohm material Sas 
considered cost prohibitive due to the impact on future 
overhaul and repair work, given limited shipyard 
facilities and the need to have fixed numbers of ships 


deployed or ina deployable status at all times. 


B. RECOMMENDATIONS 

Numerous recommendations for improving inventory, 
management within naval shipyards have been proposed by 
the General Accounting Office and Coopers & Lybrand as 
the resellers of their individual studies: The 
recommendations of those studies, as well as those 
proposed below, are consistent in the identification of 
actions that should be taken at naval shipyards to 


improve inventory management. Additional 
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recommendations are provided and emphasized based on 
information that has become available “since the 
conclusion of the GAO and Coopers & Lybrand studies. 
The benefits derived from the implementation of any or 
all of these recommendations are expected to exceed any 
dollar cost incurred, and will contribute to smaller 
investments in material inventories. 

The following actions are recommended to improve 


inventory management at naval shipyards: 


1. MATERIAL PROCUREMENT: 


a. Continue to utilize historical usage data, 
when available, ior determining material 
requirements. Segregate standard stock 
requirements from non-standard requirements, 


requisitioning standard stock requirements prior 
to job order start dates based on historical 
average requisition turnaround times. Obtain 
Navy stock point average turnaround times for use 
in those instances where shipyard data is not 
available. When possible, order standard stock 
fawer) Alem Or Pedirectmmaclivery to wthe requiring 
shop. Order non-standard requirements in advance 
of job order start dates based on historical or 
See ncOmoOCcUreCMCwme leadLimes in =chose instances 
where delivery dates arewscertain. 


lait Revise procurement policies to permit 
shipyards to specify form, fit and function as 
well as manufacturer’s make, model and part 
number. Tas will ensure’ tmat only required 
Macerial is procured as Well as minimize the 
amount of rework fore) L rere ioe dor 1B) 1p ats 
installation of material and equipment. 


Requirements for competitive bidding and sole- 
source procurements should also be revised to 
permit the direct purchase of critical or highly 
technical repair parts from the original 
mamMdeac turer . Sole-source procurement should 
also be permitted when a single supplier is known 
POs thea. Olly CECxXiStings Manufacturer of the 
required material and when a single supplier has 
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demonstrated superVer leadtime performance. 


Because procurement personnel. are .currenia, 
evaluated based Sericti- on the number of 
purchase transactions performed, changes should 
be implemented iO ensure that diffreulse 


transactions are not indefinitely set aside. 
Such measures might include criteria for various 
types of transactions which provide allowances 
for the longer time required (6 process Cola 
transactions. 


c. Develop a system wherein joint purchases among 
several shipyards can OCC Ul for high-cost 
material exceeding an established dollar value 
and for all purchases where price breaks may be 
obtained for quantity discoun® buy The c@eige 
of such action should be weighed against the 
potential benefits, and joint purchases made only 
in those instances where the benefits exceed the 
GOSS. 


INVENTORY MANAGEMENT: 


a. Ensure that periodic physical inventories are 
performed as required,”~and that inventory rece@mam 
are updated based on verified physical inventory 
results. 


b. Establish effective procedures t0 ensSUrewaa. 
proper and timely assignment of material to the 
Unassigned Direct Materitar account. Assignment 
of material to UDM should occur at job order 
closure, and be limited to material which 
historically has long procurement leadtimes aaa 
high-cost, require special manufacture or for 
which the shipyard is the sole or prine@ae 
demand source. Standard stock material should pe 
returned to system stock unless a potential 
future need can be demonstrated, and then 
returned to system stock at the end Of=sae 
required minimum helding ser ited, 


c. Establish specific performance goals for 
i@ (sol UlaL AS aL wy a@pel alia ve and inventory management 
performance and hold managers responsible to meet 
those goals. Such goals should includew@ua 
percentage of high-priority requisitions 
Submitted due to improper requirements 
determination, specific goals for “the” percentage 
reduction of the existing UDM inventory ai 
Specific yeals™ fen the ONS Qui Si Ol, AVES of UDM 


10@ 


Uebel Zed. Penalties should be imposed when such 
LGalsS jare=not Consistently met. 


ee toc eu he reacus remen t that Shep stores 
material be retained as demand-based on the basis 
of one demand in a 36 month period. A criterion 


such as one demand ina 12 month period would be 
more conducive to the reduction of the size and 
Value of the Shop Stores account. Material could 
be transferred to the UDM account at the end of 
Cie las Momen period, held for the permissible 24 
Monbnis and be available for production support 
Guirang that period. Unused UDM would then be 
trpansterred Or Otherwise disposed of at the end 
of the maximum UDM holding period. The long-term 
impact of this action would be to reduce the Shop 
Stores inventory as well as return material to 
system SHUG 34 ear lier pian Under weext Sting 
joe) il foals 


e. hower the existing Shop Stores service level 
goal to 90 percent at all shipyards except 
Portsmouth Naval Shipyard. The Shop Stores 
PMivmemeory COmstst>s mostly of stock-numbered items 
Which are usually available at Navy stock points. 
iy ere mying On stock “points for backup stocks, 
mivenuery levels can be reduced with minimal 


mipaceu Oh, CUStTOMer Ssuppert. Portsmouth Naval 
miipeardm iS Sexcluded because it is not located 
near a major supply activity. If this lower 


Service level goal is achieved with negligible 
Mimaieuwe Ole produlet1On SUDPDOrRt, it might be lowered 
eyem further in the future. The ability to rely 
on backup stocks at Navy stock points assumes 
that the supply system will continue to operate 
at high service levels. 


f. Develop specific decision rules for the 
transfer oor disposal of material from the UDM 
aeeewnt.  opecific decision rules are required to 


ensure that shipyard inventory managers make 
correct, timely decisions for the transfer or 
disposal of material assigned to this account. 


2. stvaluate the Gardner model. for use in the 
Gevermination 6f Shop Stores inventory levels, 
and determine if this model might be applicable 
tomo vner Shipyard inventory accounts. Jiae 
inventory levels and safety stocks can be reduced 
with negligible impact on mission accomplishment 
such that the overall benefit derived exceeds the 
cost of implementation, Utememeadael should be 
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implemented for the Managemen® of the Shop estores 
or other inventory ™ accom... Personnel with 
experience and training al the use and 
implementation of mathematical inventory models 
should be relied on throughout evaluation and 
implementation efforts. 


h. Establish an organization responsible for the 
overall investment in inventory to include the 


planning and ordering fia eagerness. This 
organization should monitor the planning Wes 
material requirements based on overall work 


schedules as well as reallocate material from 
existing assets to support current .j0b, Order 
Other responsibilities would include making 
recommendations Lor "make-or-buy" decisions, 
ensuring the timely ordering of material in 
accordance with published plans and ordering 
schedules, as well as researching and provaG@iae 
complete and accurate data for sourcing against 
locally available assets, requisitioning ie 
standard stock material and non-standard 
procurement actions. 


i. Establish procedures-to ensure that material 
required delivery dates are monitored at the 


production shop level, and advance follow-up 
action is performed to ensure material delivery 
prior to job “erder era. such action would 
serve to minimize current expediting efforts, 
slice IM Biel al joes special ordering and shipment aie 


material, as well as delays caused by lack of 
material. 


j- EKEstablish procedures and controls to ensume 
that unused material issued to production shops 
is returned to stock when it is determined that 
the material will not be required for production 
Support. Materials actually used in production 
should be routinely matched to job orders, and 
shop supervisors held responsible to ensure that 
unused material is returned to stock within 
specified timeframes after job completion. 


EXCESS MATERIAL: 


a. Transfer all excess Shop Stores material fo 
the UDM account for greater visibility as part of 
the Shipyard Material Visibility System. This 


action would ensure that the material is 
identified as excess to the holding shipyard’s 
current needs. In addition, the size of the Shop 
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stores account would be reduced by the amount of 
the excess material, making shop DORE s 
management (including physical inventories) much 
easier and less costly. 


b. Continue the development of a centralized data 
bank that contains a record of all material 
ass@ened to the various shipyard UDM accounts, 
inactive and excess Shop stores items and 
material assigned LO DMI Category HOw ire. 
Shipyards should then utilize this data bank to 
sg Cd Ul material requirements prior to the 
initiation of non-standard procurement requests 
Sats cest Standard Stock requisitions. tira. al 7 
cases, the cost to transfer the material to the 
requesting shipyard should be compared to the 
cost to procure that same material (including the 
dollar cost of the material purchased) as well as 
hae implred “cost of potential delays resulting 
ivem wae lack of material. Material should be 
transferred when the transfer cost is less than 
the costs of procurement and production delays. 


CoeteescUP should adjust its existing material 
returns policy to ensure that shipyards have 
sufficient incentive to return excess material to 


system stock. In addition to reviewing all stock 
returns in excess of $2,500, NAVSUP should 
coordinate the return) Sent .MmMawerial , such as 


material managed by the Defense Logisitics Agency 
PbzAye Fo Lie DLA for distribution to DLA storage 
Sites or to other military services. NAVSUP 
should also periodically screen the Shipyard 
Material Visibility System to identify shipyard 
excesses which could be utilized by the supply 
system. 


FURTHER RESEARCH 


Further research 1S required regarding the 


availability and applicability of new models for the 


@etermination of Shipyard inventory levels. such 


should consider the availability of backup 


stocks within the Navy supply system as well as limits 


the overall investment in inventory. Models 
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tailored to shipyard requirements ane Unavae eae. oe 
necessary, due to the unique procurementearelavtenst tae 
between naval shipyards and the various sources, both 
military and civilian, from which material is Obtained 
The research required to develop such models is best 
performed by individuals experienced in the development 
of mathematical inventory models. 


Additional research should also be directed at the 


material rejection rates that exist for shipyard 
material. Although rejection rates have decreased in 
recent years, the (current) rejection of 11.1 percent 


of all material purchased is higher than material 
rejection rates experienced by civilian shipyards. The 
author believes that this situation is a combinations 
improper Material standards, poorly written purchase 
specifications, improper vendor selection and perhaps 
improper receipt inspections. A detailed study in oie 
area could lead to corrective action which would retmaige 
the investment in material that is not suitable for 
use. 


Once the recommendations of this and other studies 


have been implemented, a follow-on study should be 
conducted to evaluate the effectiveness of these 
measures. Corrective act ian and additional 


alternatives for improvement should be identified and 
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implemented based on conditions in existence at that 


time. 
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COMSUBLANT 


CNSYD 


DMI 


DLA 


DOD 


Ms 


GAO 


JML 


LLTM 


MIS 


MM 


NAVSEA 


NAVSUP 


NIF 


NRF I 


NSN 


sala dl 


SPCC 


SRA 


TYCOM 


UDM 
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APPENDIX 
LIST OF ACRONYMS 

Commander Submarine Force U.S. 
Atlantic Fleet 
Charleston Naval Shipyard 
Direct Material Inventory 
Defense Logistics Agency 
Department of Defense 
Fiscal Year 
General Accounting Office 
Job Material iiesay 
Long-leadtime material 
Management information system 
Material Management subsystem 
Naval Sea Systems Command 
Naval Supply Systems Command 
Navy Industrial Fund 
Not-ready-for-issue 
National Stock Number 
Ready-for-issue 
Navy Ships Parts Control sCen te, 
selected restricted availability 
Type Commander 
Unassigned Direct Material Inventory 


Work-in-process 
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